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2M0IT03_H3fpEFLECTIONS 

I 

An Amateur must have the permission of a TV broadcaster before he can buy equipment to get 
on a certain Amateur band? That's the decision of a California Superior Court judge in Sacramento 
Countyl Of course the issues involved are not nearly so simple as stated above. But whatever the 
background and however compelling the arguments favoring such a decision, the fact that any com¬ 
mercial enterprise has been given control of the activities of an FCC-licensed Amateur has to be of 
grave concern to all Amateurs. Here's what happened: 

A Multipoint Distribution Service (MDS) in Sacramento, California - California Satellite Systems 
— went to court for a preliminary injunction against a Sacramento Amateur-equipment distributor 
and several others for "unfair competition," alleging they were selling equipment for receiving the 
MDS company's 2150-MHz subscription TV signals, and thus unjustly depriving it of revenue. The 
judge concurred, despite testimony about the nearby 2300-MHz Amateur band and an in-court dem¬ 
onstration of 2300-MHz Amateur equipment. In granting the injunction, which strjctly forbids any of 
the defendants from selling any equipment capable of being used to receive 2150-MHz MDS TV, the 
judge included a proviso that such equipment could be sold to a licensed Amateur or "experimenter 
in microwave frequency transmissions." The section of the injunction order of serious concern to 
Amateurs is the requirement that prior approval (at no charge) must be obtained from the MDS com¬ 
pany before such a sale can be made. 

The case, of course, brings up many questions about individual and business tights. The problems 
of scrambled UHF TV "pirating," and the private reception of both MDS and satellite TV, are cur¬ 
rently receiving plenty of attention from both the trade press and — as in this case — the courts. 
"Rights" mean different things to different people. There's one school of thought that holds that 
"anyone who doesn't want me to enjoy his radio/TV transmission should keep them off my prop¬ 
erty." This viewpoint has considerable popular support. A drive-in theater operator who sued to pre¬ 
vent neighboring home-owners from enjoying his movies from their back yards would be laughed out 
of court. Yet in St. Paul, Minnesota, a federal district judge ordered a home-owner to take down his 
MDS receiver or start paying the company a subscription fee! 

One remedy for "pirate" subscription-TV reception that has been widely employed is legal sanc¬ 
tions against the manufacture and sale of equipment. In California this led the state legislature to 
pass a law prohibiting not only the sale of decoders but also of any components that could be used in 
their manufacture! Court injunctions against decoder sale and manufacture, and even the distribu¬ 
tion of decoder kits, have been granted in a number of actions across the country; but in this case the 
judge has taken the process one onerous step further. 

In this case, the application of such legal principles as "prior restraint" and "presumption of guilt" 
must be questioned. The possessor of a Technician or higher class Amateur license has been granted 
the right to operate on all VHF and higher frequencies by the FCC. However, in Sacramento this 
right, at least with respect to the 2300 MHz band, can be subject to the whim of a commercial enter¬ 
prise — a commercial enterprise that has no interest whatsoever in the furtherance of Amateur Radio 
but has a very real interest in keeping any and all "amateurs" (note the small "a") and other experi¬ 
mentally inclined individuals away from "their" portion of the spectrum. To their credit, California 
Satellite Systems' lawyer has contacted Westlink asking the Amateur community for suggestions as 
to how both their interests and ours can best be protected. Any suggestions can be sent to us here in 
Greenville, and we'll see they get to the law firm. 

However good the intentions of the MDS firm in this case, this decision is one that cannot be 
allowed to go unchallenged. If it stands, then why not give a channel 2 TV station the right to deter¬ 
mine what kind of 6-meter gear is sold in its viewing area, and to whom? After all, 6-meter Amateur 
interference could drive viewers to other channels, thus depriving the station of revenue. Or why not 
let a cable system operator establish quiet hours for his area's 2-meter operators, since cable channel 
E (145 MHz) is used for extra-charge special events on many systems? 

The Personal Communications Foundation, the ARRL, and many concerned individual Amateurs 
are closely following the developments in Sacramento. We must not let such a fundamental intrusion 
on the rights of licensed Amateurs remain unchallenged. 

Joe Schroeder, W9JUV 
associate editor 
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comments 


no-code license 

In the September, 1982, issue of 
ham radio, the publisher and editor- 
in-chief of ham radio, Skip Tenney, 
W.1NLB, and associate editor Joe 
Schroeder, W9JUV, presented an 
editorial in which they advocated that 
Amateurs look into the merits of the 
FCC's proposed no-code Amateur li¬ 
cense. As expected, the response 
was swift and emotional. By far the 
majority of those who responded to 
the editorial were opposed to any 
kind of code-free license. 

Presented below are excerpts from 
some of the letters received. 

The decision and dilemma of a no¬ 
code license is a two part question: 
fact and emotion. Let's examine 
some thought-provoking aspects of 
this question. 

What is the value or purpose of 
Morse code? There is only one! In a 
marginal reception situation, the 
ear/thought process can interpret an 
on/off tone more effectively than the 
complex communication of the hu¬ 
man voice. For this very reason, all 
military communication specialists 
are required to learn code. Said sim¬ 
ply, anyone using code can get a 
message through where voice is unin¬ 
telligible. It is also fact that on/off rf 
generation equipment (both sending 
and receiving) is simpler to develop, 


understand, and build than voice 
generation techniques. 

The second part of the no-code li¬ 
cense proposal appears to be the 
emotional half. I am a ham! Not 
everyone can be one, because they 
don't have the determination, intelli¬ 
gence, skill, and guts to work to be a 
member of our fraternity. I'm pleased 
to be a member of a group of people 
who are elite and have done some¬ 
thing to make them stand out in a 
crowd. Our country was founded and 
has grown on the principle that the 
best succeed and thank God we can 
all work to achieve what we want. 

Are these questions important? 
What is the purpose of Amateur 
Radio? If you are part of a group 
whose lives depend on ''getting the 
message through” (military or public 
service), or if you believe in the princi¬ 
ple of our ability to "be what we want 
to be" (freedom), then the answer 
is yes. 

As a final note please observe that I 
have underlined work many times. 
True appreciation of anything in life 

— be it mental, spiritual, or physical 

— is rewarded directly to the amount 
of effort expended by the recipient. 
Anything given to us quickly loses its 
real value without exception. Time 
and again we are reminded that each 
of us only truly enjoys what we have 
earned. — William E. Martin, 
WB4KSP. 


The code requirement is the only 
thing keeping more lids from Bash¬ 
ing their way into Amateur Radio. 
The code represents discipline. Even 
if a person never uses the code once 
he gets his license, he has demon¬ 
strated the fact that he has the disci¬ 
pline necessary to be a qualified ham. 
Once a person learns the code he 
does not easily forget it. It is a skill to 
be proud of having. 

I doubt if any ham really believes 
the code is outmoded, as some com¬ 
puter-oriented proponents would 
have us believe. I doubt if any ham 
really believes the code is an impossi¬ 
ble stumbling block for youngsters. 

There are only two reasons why a 
person cannot learn the code: 1) lack 
of interest (he really doesn't want to 
be a ham); or 2) laziness (he would 
rather be given something than 
earn it). 

Sorry, gentlemen, you're wrong on 
this one. If we wind up with a no¬ 
code license, it will be due to publish¬ 
ers, manufacturers, and dealers . . . 
not because of their interest in Ama¬ 
teur Radio, but rather due to their 
pursuit of the almighty dollar. — Ken 
Piletic, W9ZMR. 

It is perfectly ridiculous to require 
that computer-oriented young peo¬ 
ple, and busy young engineers with 
endless demands on their time, learn 
the code which they may never use. 
We urgently need these bright ener¬ 
getic young people in the Amateur 
service, and we are not attracting 
enough of them. 

Most Amateurs oppose the no¬ 
code license because they do not 
want Amateur Radio to sink into a 
CB-type chaos. But well-conceived 
examinations, honestly administered, 
should safeguard against that. Others 
oppose a no-code license on the 
grounds that anyone can learn the 
code; these well-meaning people sim¬ 
ply do not understand the problem. 

It is unfortunate that the ARRL, be¬ 
cause of the shortsighted view of 
most of its members, can be counted 
continued on page 54 
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AMATEUR INTRUSIONS INTO THE OFF-LIMITS 10.109-10.115 MHz portion ol 
and have resulted in complaints from the governmental agencies affect 
ae FCC. With Amateurs from other nations using the slots forbidden t 
;'s easy to slip into violation. When such an intrusion is heard, p] 




FINAL WARC IMPLEMENTATION COMMENTS ARE BEING SOUGHT by the Commission in an NPRM adopted 
at its November 18 agenda meeting. The actual 300-page document and comment due dates 
should be released by mid December, but those areas of most interest to Amateurs are final 
rules for 10 Mhz, availability of 18, 24, and 902 MHz, and moving the frequency below which 
CW ability is required down to 30 MHz. No surprises are expected in the Amateur Radio por¬ 
tions of General Docket 80-739; a 60-day comment period is expected. 

ELIMINATION OF CB LICENSING IS EXPECTED TO BE DECIDED ON by the commissioners in an 
early December meeting. Expectations are, that despite strong opposition from CB user 
groups such as REACT, requirements for both CB and radio control licensing will be dropped. 

NEW THIRD PARTY TRAFFIC AGREEMENTS WITH ST. VINCENT (J8) AND GRANADA (J3) have been 
announced by the FCC, just in time for Caribbean winter holiday travel. 
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first report on 

new band propagation 


Experiments and 
observations on the 
10,18, and 24 MHz bands 

The Federal Communications Commission li¬ 
censed the experimental station KK2XJM on August 
25, 1981, for the purpose of conducting experiments 
on the 10.100-10,150, 18.068-18.168, and 24.890- 
24.990 MHz WARC bands. These bands are intended 
for Amateur use in the future. A license on these 
bands authorizes operation at a maximum of 30 
watts ERP and 2.8 A3J emissions. [U.S. Radio Ama¬ 
teurs were permitted to use 10.100-10.109 MHz and 
10.115-10.150 MHz, at a maximum power level of 
250 watts with A1 or FI transmissions, as of October 
28, 1982, at 3 p.m. Eastern Daylight-Saving Time.] 
One main reason for the experiment on these 
bands was to gather and analyze reports received 
from (mostly Amateur) listening stations. The analy¬ 
sis techniques we used, and the results obtained 
from the reports, are presented in this article. 

Because the results of the experiment depended 
greatly on listener response, we generated and dis¬ 
tributed publicity announcing the experiment and its 
authorization by the FCC, and we described the in¬ 
formation needed from listeners and how it should be 
reported. This publicity was followed at intervals by 
detailed schedules of our broadcasts. QST and 
World Radio published the complete announcement, 
ham radio covered the information in an editorial, 
and extracts and schedules were also published in 
73, CQ, Florida Skip (a regional magazine), and sev¬ 
eral local club newsletters. 

The response we received from listening stations 
was encouraging. Many people phoned or sent let¬ 
ters, requested schedules, asked for information on 
the equipment to be used, and wanted to know how 
to provide reception reports. 


preliminaries 

Before starting the experiment, we conducted a 
number of sweeps on the 10, 18, and 24.5 MHz 
bands to determine signal levels and types and to se¬ 
lect operating frequencies. Fig. 1 shows a result typi¬ 
cal of these scans. Signals are shown as blocks for 
teleprinter, multi-channel signals, and voice or 
music, and as lines for unmodulated carriers. Some 
of the carriers represent no-information transmission 
periods of stations that were active at other times. 
We found gaps at times, but all frequencies on 10 
MHz were in use at some period of the day. 

Conditions were similar on 18 and 24.5 MHz, but 
the average number of stations on the air was lower, 
and periods of heavy use were shorter. It was not un¬ 
common to find only six signals on these bands, half 
with no modulation. 

A better picture of band use developed as the ex¬ 
periment progressed. Spectrum scans were made by 
W1RN at the ARRL Lab in Newington, Connecticut, 
as an aid. A pattern of full occupancy during others 
was evident; we also noted that a few signals were 
very strong, but there were long periods when most 
signals were not much above the noise level. 

We couldn't identify all the signals present; sta¬ 
tions appeared without identification, transmitted 
coded signals by voice or CW, and then disappeared. 
We didn't try to copy teleprinter signals, which alter¬ 
nated as keyed or non-keyed carriers without Morse 
transmissions. 

After studying the scan results, we scheduled ini¬ 
tial operations on 10.140, 18.108, and 24.930 MHz. 
These are each 40 kHz above the low edge of the 
WARC bands. This uniformity was actually a low pri¬ 
ority; the prime consideration was to avoid frequen¬ 
cies occupied either by very strong signals or by any 
signals most of the time. And we wanted to select 
frequencies most likely to be detected by typical 
Amateur installations, as well as those on which in¬ 
terference would be a likely problem. Determining 
the interference potential to existing band users by 
an Amateur signal was one of the main reasons for 
conducting this experiment. 

By R.P. Haviland, KK2XJM (W4MB), 2100 S. 
Nova Road, Box 45, Daytona Beach, Florida 
32019 
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Although it soon became clear that there was no 
real reason to use frequencies other than those first 
selected, it did appear that some attempt should be 
made to simulate the Amateur condition of no 
assigned frequency. We did this by introducing a 
small offset from the selected frequency. Normally 
the offset was kept to a fraction of a kHz, but we did 
use a few offsets of up to 5 kHz. 

experimental equipment configuration 

The equipment we used is summarized in fig. 2. 
The transmitter is an SBE 33, using new band crys¬ 
tals, and rf coils paralleled by additional inductors to 
provide the necessary tuning range. The tune circuit 
was modified to provide an adjustable carrier level 
and to permit switching or keying. 



fig. 1. 10-MHz-band signals on September 20. 1981 
Wide blocks are single or multi-channel Teletype™, 
the narrow block is SSB. and the lines represent carriers. 



We retuned the antenna, a commercial (Hustler) 
trap vertical, to the center of the WARC bands by ad¬ 
justing the capacity sleeve of each trap. Section 
lengths were adjusted for minimum SWR at the se¬ 
lected frequencies. The antenna was mounted at the 
center of a 36 x 56 foot metal roof. The ground con¬ 
nection to the roof was primarily capacitive: a screen 
approximately three feet square with six end-termi¬ 
nated radials eight to thirty feet long. An rf check of 
the roof showed essentially uniform current distribu¬ 
tion at the perimeter. 

The transmitter operation was controlled by a ten- 
minute timer, the minutes indicator of an experimen¬ 
tal digital clock. We used a nine-minute carrier fol¬ 
lowed by one minute of identification by USB voice. 
The identification was made by a recorded voice an¬ 
nouncement of fifteen or thirty seconds' duration on 
an endless tape. For ease of copy, the XYL (W4LDY) 
made the tapes. The identification tape was not locked 
to time. 

We monitored power and frequency continuously. 
A 10-dB pad (2-watt carbon resistors in oil), was in¬ 
serted in the transmitter output for low power. This 
also served as a dummy antenna. 



fig. 3. Distribution of reports by month. 
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Band use and emitted signal quality were moni¬ 
tored by a transceiver, originally a Kenwood TS-820, 
later a TS-830. We began operating on October 3, 
1981, at a power level of 3 watts ERPon 10.140 MHz. 
The signal was a single steady carrier interrupted 
every ten minutes, beginning at two minutes past the 
hour, by a voice announcement. We operated con¬ 
tinuously from October 4 through October 12, and 
then for seventy-two hour stretches (Friday through 
Sunday, UCT) beginning October 19 and continuing 
till September, 1982. 


\Z 

1”- 

i 


fig. 4. Distribution of reports by time of day. The period 
from 02 to 12 hours is nighttime at transmitter site. 


We increased power to 30 watts on November 3, 
and instituted a regular rotating schedule for opera¬ 
tions on all bands on December 2. During our first 
four weeks on the new bands, operation was also on 
3 watts ERP, rising to 30 watts ERP thereafter. 

quantitative results — general 

A total of 168 individual reports were received. Of 
these 131 were for a single time and frequency. The 
remaining thirty-seven were for multiple times, up to 
approximately thirty. The total data base consists of 
274 entry items: this number is smaller than we'd 
hoped for, but good enough to give reasonably accu¬ 
rate results. 

The distribution of reports over time is shown in 
fig. 3. The small number received in October is a re¬ 
sult of low power and a lack of publicity. Changing 
these factors resulted in a great increase in the num¬ 
ber of reports for November. Thereafter, we believe 
the novelty of reporting was gone, and only the truly 
dedicated have continued to report. All reports are 
acknowledged with a special QSL card. 

quantitative results — 
effect of times 

The distribution of reports correlated with time of 



fig. 5. Distribution of reports by distance from the transmitter site. The shaded areas represent reports by two dedicated 
Amateurs. The dotted curve is the distribution of U.S.A. population from the transmitter site. Note the strong suggestion 
of skip zones. 
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day is shown in fig. 4, by block for each hour. The 
reason for the large number of reports at 00-01 hours 
UCT appears to be that those hours are good for lis¬ 
tening (early evening for the U.S.A.) — and also im¬ 
proved propagation at 10 MHz. The low between 07 
and 11 hours UCT is understandable, since most lis¬ 
teners are sleeping, and propagation during those 
hours on 18 and 24 MHz is not as good, as indicated 
by the no-report bars. The number of reports on 
these bands, however, is not a major factor in the 
overall distribution. 

The curve indicates that the 10-MHz band will be 
usable almost twenty-four hours a day during part of 
the solar cycle. The band at 24.5 MHz resembles 10 
meters in performance, being dependent on daylight 
and high solar activity. 

quantitative results — 
distance effects 

The number of reports as a function of distance is 
shown in fig. 5; the reports are separated into zones 
one-hundred miles wide. (Note that in two of these 
zones, from one-third to two-thirds of the report en¬ 
tries are from a single Amateur station. The influence 
of this repeated reporting can be estimated by disre¬ 
garding the cross-hatched areas of the bars at 
300-400 and 100-1100 miles.) 

The data strongly suggests the presence of skip 
zones, with maximum signal strength at 350, 950, 
1850, and 2450 miles. This finding, however, could 
be the result of uneven population distributions. To 
check this, we calculated the distance from the 
transmitter to each state capital (we assumed that 
the largest population concentration of the popula¬ 
tion of the state is at this distance). The population 
distribution that results is shown as the dashed curve 


in fig. 5. (While a distribution of Amateurs with dis¬ 
tance would be more representative, the percent of 
Amateurs and shortwave listeners does not appear to 
vary widely from state to state.) 

Comparing the population and report distributions 
confirms that skip processes are at work here. The 
block at 350 miles appears to correspond to one-hop 
(sporadic) E, those at 950 and 1850 to one and two- 
hop E, and the block at 2450 miles possibly to three- 
hop E, but more likely to one-hop F-layer propaga¬ 
tion. These reports are for all the bands, but they are 
dominated by 10-MHz reports. The number of re¬ 
ports at 18 and 24.5 MHz were too few to permit the 
evaluation of the effects of distance. 

signal strengths 

The distribution of signal strength reports is sum¬ 
marized in fig. 6. For all reports on all bands, the 
median signal report is approximately S4, and nearly 
fifty percent of the reports fall between S2 and S6. 
This distribution approximates the normal, or Gaus¬ 
sian curve, very closely, although in principle the 
curve is bound at the low signal end and essentially 
unlimited at the upper. 

Reports at the three-watt input level are also plot¬ 
ted, and lie almost exactly two S-units, or a nominal 
10 dB, below the curve for each. The number of re¬ 
ports at this power level is not, however, sufficient 
for a really good estimate to be made. 

The signal strength distribution over the three 
bands is shown in fig. 7. The median signal on the 
two higher bands lies approximately one S-unit be¬ 
low signals at 10 MHz, and shows somewhat greater 
propagation variability. Under strong signal condi- 
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tions, however, levels on all the bands are essentially 
the same. 

These observations suggest that signals on 10 
MHz are less affected by most propagation distur¬ 
bances than will those on the higher bands. (This is 
also noticeable on 14 MHz, when compared with 21 
and 28 MHz.) Considerably more data is needed, 
however, to confirm this factor. Listening stations' 
use of less efficient antennas (than a resonant half¬ 
wave) might account for the lower signal levels 
reported. 

solar and geomagnetic activity 

The National Bureau of Standards' K index was 
used to measure propagation conditions. Although 
there were a few periods of very good or very poor 
propagation, the general conditions ranged from 
average to below average. 


The effect of propagation conditions at 10 MHz is 
shown in fig. 8. The largest number of reports re¬ 
ceived were for K = 3, with a very few reporting K 
exceeding 3. The ratio, or number of reports per day 
of a given index, appears to be a better measure of 
the effects of propagation. The bottom chart shows 
this, and indicates a marked decrease in the number 
of reports received as the K index increases. In com¬ 
parison with the excellent conditions (K = 0), aver¬ 
age conditions (K = 2) reduce the number of reports 
to one-half, and poor conditions (K = 4-3) reduce 
the number to around one-eighth. 

The pattern for the 18 and 24 MHz bands is similar, 
with a greater reduction in reports as propagation be¬ 
comes poorer. This reduction corresponds to subjec¬ 
tive observations on the effects of poor conditions. 

The effects of conditions on signal strength are 
shown in fig. 9. Three conditions are adduced: ex¬ 
cellent, average, and poor, which correspond to K 
index values of zero, 1-3, and 4 or more, respectively. 
Signal level differences of 1 to 1.5 S-units between 
groups are indicated. (Separate observations sug¬ 
gest that F-layer propagation is very poor at K = 4 
and E-layer at K = 3 or greater. Many more observa¬ 
tions are required to separate out the various propa¬ 
gation effects.) 

receiving equipment 

In general, the receiving equipment used by re¬ 
porting stations was not as sophisticated as the aver¬ 
age Amateur band receiver. Most receivers were 
either all-band receivers, often of the WW II class, or 
recent-model receivers with WARC band provisions. 
However, that is not considered to have been a major 
factor in signal reception. 



fig. 9. Distribution of reported signal strength by propa¬ 
gation index. 
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Antennas used by reporting stations (not always 
optimized for the new bands) included: 



Of these, the long wire and multiband dipoles, and 
possibly the inverted vees, can show gain, but the 
rest will give near isotropic performance or worse. 
For example, the long wire antenna reports were 
about one S-unit stronger, on the average, with half 
the reports between S3 and S7. The other half of all 
reports were between S 1.9 and 6.1, indicating a 5 
dB gain for the wire antennas. This suggests the 
average antenna used in reception was not far from 
zero dB gain. Indoor antennas could easily be twenty 
or more dB below isotropic. 

Studies reported in Ham Radio HORIZONS, July, 
1980, page 18, indicate that few Amateur stations on 
the high-frequency bands use antennas of essentially 
dipole gain. The average station uses a beam of 
about 7-8 dB gain, a three-element Yagi or equiva¬ 
lent. Combined beam plus height may run to 15 dB or 
so for exceptionally equipped stations. 

These factors indicate that signal reports in a well- 
established Amateur Service on these bands will be 
higher than reported here, resulting from improved 
equipment alone. The antennas likely to be used 
would be loaded two or three-element Yagis, show¬ 
ing an effective gain of about 5 dB. Accordingly, it 
appears that our results should be adjusted upward 
by about 5-7 dB when applying them to typical (fu¬ 
ture) operational conditions. 

interference 

Evaluating interference is an important part of this 
experimental program. First, interference caused by 
the experimental station to existing users: No reports 
of interference to an existing band user were received. 
This is not surprising; it was the predicted result. In 
fact, the power limit of 30 watts ERP was set to give 
a 10-dB margin over the “negligible risk of interfer¬ 
ence" point of typical existing services, based on 
CCIR values of required S/N, error rates, fade mar¬ 
gin, and typical installation. That no interference has 
been reported is a good indication that calculated in¬ 
terference values are at least reasonably close to 
experienced values. 

It should be noted that operating frequencies were 
chosen to be in a low occupancy, but not clear, part 
of the band, just because of the need for interference 
data. That this was an effective choice is shown by 



the fact that over twenty percent of the reports indi¬ 
cate interference to the experimental signals by exist¬ 
ing users. 

The relationship between signal, noise, and inter¬ 
ference is summarized in fig. 10. It shows typical sig¬ 
nal and noise levels for a 10-MHz signal received via 
one-hop E transmission. A decrease in signal 
strength at sunset is notable. Even at this short dis¬ 
tance, 380 miles, the maximum S/N ratio was no 
more than 30 dB, the usual value being 10-15 dB. 
Signal levels at this distance should be regarded as 
marginal for SSB, good for CW. 

The interference potential is illustrated in fig. 11, 
which shows a reported band scan for a period of no 
beacon operation, start-up, and sunset fade. At no 
time did the maximum beacon signal exceed the level 
of adjacent signals, being 2-3 dB lower under best 
beacon-signal conditions. The sunset fade did 
change the levels of adjacent stations somewhat, 
when compared with earlier conditions, but the ef¬ 
fect was very small compared with that on the bea¬ 
con signal. (The other signals present were not iden¬ 
tified. Since the strength did not usually change 
appreciably at sunset, they might have arrived via the 
F layer.) 

other experiments 

The experimental program described here is one of 
several in progress. Other stations involved are 
these: 

KK2XGH Silver Springs, Maryland 

KM2XDU Rye, New York 

KM2XDW Menlo Park, California 

KM2XDX New York, New York 

Experimental transmissions are continuing. Major 
changes that have been made at KK2XJM are power 
increase to 100 and 300 watts ERP, and scheduling 
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band use to approximate the OWF to selected areas. 
Test results have not yet been compiled for these 
changes. 

conclusions 

Our findings are summarized by noting that no un¬ 
expected conditions occurred. Propagation effects 
and signal levels are mostly very close to the pre¬ 
dicted average values. One possible conclusion is 
that a viable and reliable international (greater than 
2500 miles) Disaster-Emergency Communication 
Service* on 10 MHz cannot be established using 
SSB at 30 watts ERP. This is clearly shown by the 
paucity of international reports, by the low S/N ratio 
at 1100 miles and low signal level at 2500 miles under 
average conditions, and by the lack of service reli¬ 
ability. 

This finding confirms the propagation calculations 
we filed with the experimental license application. 
These show, for just usable service, operator to oper¬ 
ator, average conditions, with a dipole receiving an¬ 
tenna, the following transmitter ERP requirement: 

path time mode power. CW power. SSB 

London-Azores Sunset E-layer 0.4 W 26.3 W 

Washington-Paris Noon F layer 8.2 W 213.8 W 




For a reliable service, power should be increased by 
about 10 dB for quality, by a further 10 dB for fade 
margin, and by another 6 dB for worldwide paths. 

It appears that power levels of 1500 watts ERP are 
needed for reliable worldwide CW disaster/emer¬ 
gency service with dipole antennas (typical of emer¬ 
gency conditions). The level could be reduced to 
about 300 watts if inter-station relay or a beam anten¬ 
na for reception were used. A highly reliable world¬ 
wide SSB emergency service appears to require un¬ 
reasonably high powers, although a useful regional 
service could be established with powers of 200-600 
watts ERP. 

A second conclusion is that a power level of 30 
watts ERP, either A0 or A3J, is below the level which 
would cause harmful interference on the 10 MHz 
band. This finding confirms interference calcula¬ 
tions. For example, consider a path with 1000 km E- 
layer winter night propagation, a total of ten interfer¬ 
ing signals per 0.3 kHz (CW) or 2.8 kHz (SSB), and 
CCIR recommended performance. For a signal serv¬ 
ice reliabilty of 99.99 percent (FSK) or ninety percent 
(commercial voice), the allowable ERP of each inter¬ 
fering station is: 

situation 

wanted/unwanted CW/CW CW/SSB SSB/CW SSB/SSB 
allowable ERP 154 W 912 W 309 W 1830 W 

The allowable radiated interference level varies 
roughly as the square root of the number of stations 
of equal power (or as the RMS equivalent if different 
power), due to statistical variations, in modulation, 
timing, arrival phase and path attenuation. Interfer¬ 
ing signal power could be increased about 20 dB at 
noon. A 10-dB increase in the allowed interference 
level would reduce service reliability of the desired 
signal to about fifty percent. 

The fact that SSB emissions may be allowed 
higher power has surprised some. This is due in part 
to the difference in duty cycle: - 17 dB assumed for 
the normal voice versus - 3 dB for average CW. An¬ 
other difference is in the effect of the number of sig¬ 
nals present in the passband, and the percentage of 
the total radiated power accepted by the receiver. In 
a service with distributed interference sources and 
random frequency use, the measure of interference 
potential is power per unit of bandwidth. Emitted 
bandwidth alone is not important. 

Several weeks of operation at 100 watts and 300 
watts ERP have passed since the period this report 
was based on, again with no reports of harmful inter¬ 
ference. This offers further confirmation of the above 
evaluation. Additional results will be reported on 
later. 
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a fixed-tuned LF converter 


An add-on project to 
let your 80-meter receiver 
explore new worlds 


Many commercial and military signals can be 
received by using this simple converter. It is compati¬ 
ble with most commercial transceivers where a direct 
frequency readout of the 80-meter band is displayed 
on the tuning dial. A block diagram of the system is 
shown in fig. 1. For digital-readout transceivers, read 
the frequency by subtracting 3.5 MHz. The converter 
covers as low as 3 kHz and up to 240 kHz, the low- 
end cut-off frequency being determined by the re¬ 
ceiver used as a tunable i-f (see fig. 2).' 

the circuit 

Parts for the converter were available in my junk 
box and through local distributors such as Radio 
Shack. The converter is designed to be operated 
with a long wire antenna, 100 feet or greater, al¬ 
though results have been fairly good with shorter 
wires (with some sacrifice in weak-signal reception). 
An active antenna can be used to increase sensitivity. 

As shown in the circuit diagram, fig. 3, the input 
circuit is a six-element Chebyshev lowpass filter 
which is directly coupled to the FET mixer, Qv The 
CR1 and CR2 diode arrangement protects Qj from 
strong transients such as those created by lightning. 
The local oscillator is a simple 3.5-MHz Pierce crystal 
oscillator. An output match to the receiver is provid¬ 
ed by an emitter follower, Q 2 . Total current drain is 
less than 3 mA. A 9-volt transistor battery can pro¬ 
vide over one year of service under normal use. No 
degradation of operation was observed even when 
the battery output dropped to 4.5 volts. 

construction 

The complete converter, including a 9-volt transis¬ 
tor battery, is mounted in a standard 5x2 Vi x 
’ 1 !4-inch (130 x 65 x 39 mm) utility box. A BNC 
connector can be used for the i-f output (I used a 
readily available SMA connector), and a standard 
banana jack serves for the antenna input. Circuit lay¬ 
out is not critical — a 2 x 3-inch (51 x 76 mm) perf- 
board can be used for component mounting. 



fig. 1. Block diagram of the If converter. 



fig. 2. Front-end filter response and tuning range of the 
80-meter receiver. 



The perf-board and components easily fit into a small utility 
box with plenty of room for a 9-volt battery. 


By S.J. DeFrancesco, K1RGO, 17 Jeffrey Rd., 
East Haven, CT 06512 
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table 1. Some signals that have been heard from the East 
Coast in the LF Spectrum.* 


Frequency 
12 kHz 
16-17 kHz 
60 kHz 
100 kHz 
120-150 kHz 

150-180 kHz 


OMEGA 
JXZ, GBY 
WWV time signal 
Loran C 
TTY, CW, 
Military 


Norway 

Colorado, USA 


160-190 kHz 


192 kHz 
194 kHz 
215 kHz 
233 kHz 
240 kHz 


mental beacons 

SFI 

TUK 

CLD 

GN 

MMK 


East Coast. USA 
(beacons received 
over 200 miles) 

San Francisco, CA 
Block Island, Rl 


'Editor's note: For those interested in studying low-frequency propaga¬ 
tion, a good source of frequency and station-location information is the 
Sectional Aeronautical Chart used by aircraft pilots. Some of the non-direc- 
tional beacon stations are on frequencies as low as 200 kHz, and they oper¬ 
ate continuously. All have an identifier (usually on CW), and some provide 
local wind, weather, or air-traffic information by voice announcements. Go 
to your nearest airport and ask the FBO (Fixed-Base Operator - he sells/ 
rents/services small planes) for the VFR chart that covers your area. Get 
one with a scale of 1:500,000. Each chart has a guide to adjoining areas, so 

If you are not familiar with the terms used on the chart, ask the FBO to 
point out a couple NDBs for you. They are^usually indicated by a dot, sur 

fication legend enclosed in a nearby rectangular magenta-colored box. 


evaluation 

I have obtained very good results using the Yaesu 
FT101EE receiver and my 160-meter antenna (260- 
foot long wire). The antenna is connected directly to 
the input of the converter, and the auxiliary antenna 
input on the Yaesu is connected to the converter's i-f 
output. Light-dimmer noise is greatly reduced by the 
noise blanker in the Yaesu, making perceptible most 
of the weak signals that were otherwise masked by 
the noise. 

In the 0 to 12-kHz portion of the spectrum, which 
was at one time used for missile detection, you can 
hear 60-Hz power-line harmonics, as well as whist¬ 
lers, chirps, and pops caused by atmospheric phe¬ 
nomena. Some of the activity, starting from 12 kHz 
(3.512 MHz on your receiver) to 240 kHz, is shown in 
table 1. Low power (1-watt CW) experimental bea¬ 
cons and QSOs can also be heard in the 160-190 kHz 
band. I have heard HS, Fairfield, CT, 165 kHz; FY, 
Long Island, NY, 186 kHz; KEN, central NJ, 185.6 
kHz; BIL, central NJ, 185.9 kHz; and Wl in Owings, 
MD, 186.2 kHz. All signals were very readable (de¬ 
pending on local noise conditions, of course). 

reference 

1, Handbook of Electronics Calculations, Kaufman and Seidman, Filter De¬ 
sign Chapter. 
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Stators 

for your peace of mind. 

Determine the total wind-load area 
of your antenna(s), plus any 
antenna additions or upgrading 
you expect to do. Now. select the 
matching rotator model from 
the capacity chart below. If in 
doubt, choose the model with the 
next higher capacity. You'll not 
only buy a rotator, you'll buy 
peace of mind. 


ANTENNA WIND LOAD CAPACITY 


For HF antennas with booms over 
26' (8 m) use HDR300 or our 
industrial R3501. 



Full details at bettef t 


telex hu-aam 


technical forum 



have a question? Send it in! 


/ am interested in developing an 
acoustical filter for CW. In the J920s 
or early '30s, in QST. there was an 
article about an acoustical filter, but / 
have been unable to find that article 
again. 

What / would like to make is an 
acoustical filter that / could add to ear 
plugs. The early QST article was Just 
such a device. Since my ears are not 
the same with regard to loss, I could 
make a pair of filters and match the 
gain to each ear. 

/ realize that my problem is of a 
specialized nature but the subject of 
acoustical filters is still an interesting 
answer to CW filtering. — Howard 0. 
Lorenzen, W7BI. 

Your memory is excellent. The arti¬ 
cle you are referring to appeared in 
the August, 1928, issue of QST on 
pages 23-29. It featured a detailed ex¬ 
planation of the theory behind and 
the operation and application of these 
filters. It is entitled "Acoustic Wave 
Filters and Audio Frequency Selectiv¬ 
ity," by R.B. Bourne, 1ANA. 

The article clearly illustrates the 
wealth of technical information devel¬ 
oped fifty-four or more years ago 
that's still applicable to Radio Ama¬ 
teurs today. That is the point ham 
radio magazine was making in our 
December "Reflections" editorial: re¬ 
flections of past achievements that 
should be remembered, used, and 
built upon. 

A few years ago / purchased a fre¬ 
quency meter LM14-Type 74028, 
built by Loral Electronics. Unlike the 
normal BC221 frequency meter, this 
unit uses one each of valve types 77, 
6A7, and 76. For some time now / 
have been wishing to convert the unit 
to solid state using fets and have 
commenced doing so, attempting to 
adapt modifications to the BC221 
type which uses two 6SJ7 and one 
K8-type valve. However, / have run 
into trouble in getting the variable os¬ 
cillator to bscillate on the high band 
and am still attempting to get the 
crystal to oscillate. 

No doubt over the years several 
ham radio operators have converted 


the LM series with this old type of 
valve and / write to you to see whether 
any such circuit has been published in 
your magazine. - Harry Hendriks, 
VK2ZHX. 

One Amateur has reworked the 
same unit you have. Floyd K. Peck, 
K6SN0, in his article "More on Solid- 
State Conversion of BC-221/LM Fre¬ 
quency Meters," provides a solution 
replete with circuit and mechanical 
modifications. It appeared in the De¬ 
cember, 1979, issue of QST on page 
59. Floyd modernized his BC-221 
using a 2N3819 for the solid-state 
VFO and MPF102 for the modulation 
mixer. In addition, he mounted the 
conversion parts in the bases of old 
5-, 6-, and 7-pin tubes. 

/ am using an X-band mixer in a 
configuration that includes a 
1N23WE diode followed, by a 2N5179 
i-f amplifier. The best noise figure / 
am able to achieve is T2 dB. Do you 
know of a lower noise diode in the 
same package as the venerable 1N23? 
Would a new Schottky barrier diode 
be a direct replacement? — Hilary 
McDonald, Jr., NS AX. 

Several possibilities exist, but first 
it’s necessary to mention that low- 
noise operation requires that the 
diode work into a well-matched cir¬ 
cuit and that it be followed by a low- 
noise i-f amplifier. Lack of either 
might be contributing toward your 12 
dB noise figure. 

Specifically Microwave Associates 
specs their 1N23WE diode at 7.5 dB 
and their 1N23WG at 6.5 dB when 
operated into a well-matched circuit 
followed by 1.5 dB NF i-f amplifier. 
Finally, Hewlett Packard's Microwave 
Semiconductor Division specifies 
their Schottky barrier diode 
#5082-2713 at 6.0 dB under the same 
operating conditions and circuit. It is 
sold as a double-prong, type-49 pack¬ 
age for $32.00 in quantities of 1 to 9. 

Thanks go to Jack Lepoff at HP's 
Microwave Semiconductor Division 
and John Minck at the Stanford Park 
Division for the information. 
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graphic azimuth and 
elevation calculator 


A quick and accurate 
way to locate the 
geostationary satellites 
without a calculator 

After I spent several weeks calculating the azi¬ 
muth and elevation for the GOES series of weather 
satellites in many different locations, I decided there 
had to be a better way to do it than punching out the 
program over and over on my calculator. With a few 
moments of thought and an idea from a Meteostat 
(the European weather satellite) newsletter, I sat 
down to draw a simple graph which could be used to 
estimate the azimuth and elevation of ground sta¬ 
tions for any of the geostationary satellites quickly. 
Since all the geostationary satellites are in the same 
orbits (except for their longitude), the only variable 
on the graph from satellite to satellite is the longitude 
difference between the ground station and satellite. 

Many articles have been written describing the cal¬ 


culations needed to track the low orbit satellites 
(such as the OSCAR series). 1 - 2 3 The most popular of 
these is the Oscarlocator 4 graphical technique. This 
method is popular because the clear plastic overlay 
lets the operator quickly estimate the satellite loca¬ 
tion without lengthy computations. Even though 
minicomputers are rapidly invading the ham shack, 
few of us have been able to implement the real-time 
programs which show satellite azimuth and elevation 
as the satellite passes overhead. 

simple geostationary calculations 

All these complicated calculations are avoided 
with the geostationary satellite. These satellites orbit 
the earth 23,000 miles from the equator and make 
one orbit in exactly 24 hours. This keeps the satellite 
over a fixed spot on the earth. To the earth-bound 
observer the satellite appears fixed in the sky. Thus, 
once the antenna is fixed on the satellite no further 
antenna pointing is required. This is especially useful 
for unattended earth stations for TV and communi¬ 
cations. 

By Noel J. Petit, WB0VGI, 725 E. 51st Street, 
Minneapolis, Minnesota 55417 
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The major disadvantage of the geostationary satel¬ 
lite is that the tremendous distance between the 
earth and the satellite requires high-power transmit¬ 
ters and sensitive receiver systems to communicate 
reliably. Most satellite ground stations use parabolic 
dish antennas to receive the UHF and microwave sig¬ 
nals from the satellites. Parabolic dish and other 
high-gain antennas have narrow beam widths, on the 
order of a few degrees. To estimate the width of the 
antenna beam use the following expression: 
width (in degrees from half power point 


to half power point) = 


70° x wavelength 
antenna diameter 


Both the wavelength and antenna diameter must 
be in the same units. For example, both must be in 
centimeters. The beam width for a 2-meter diameter 
dish at 1691 MHz (17.74 cm wavelength) would be: 

_ 70° x 17.74 cm _ „ n0 
W - 200fm - 62 


This is a fairly large beam width; with such a large 
width, the calculation of the antenna azimuth and 
elevation need not be very accurate to initially find 
the satellite in the sky. Even a 3-meter diameter dish 
at 4.0 GHz (7.5 cm wavelength), where the present 
TV satellites transmit, has a 1.75° beam width. 
Knowing the azimuth and elevation within one de¬ 
gree is sufficient to find the satellite and then the sig¬ 
nal-strength meter can be used to accurately align 
the antenna. 

A graphical means of estimating the azimuth and 
elevation to a stationary satellite should therefore be 
accurate enough for most Amateur applications. Fig. 
1 is such a graph. The straight vertical and horizontal 
lines on the chart are lines of longitude difference 
and latitude, respectively. The curved lines radiating 
from the center of the chart are lines of azimuth to 
the satellite in 10° increments. The curved lines con¬ 
centric to the center of the chart are lines of elevation 
to the satellite. 


elevation, azimuth 

Elevation is the angle from the horizon to the satel¬ 
lite. If the satellite is directly overhead, the elevation 
would be 90°. Elevation runs from 0° at the horizon 
to 90° directly overhead (the zenith in astronomical 
terms). 

Azimuth is a bit more complex. Azimuth is the 
angle measured in degrees clockwise from true 
north. Looking north you are looking along the 0° 
line of azimuth. Looking east you are looking along 
the 90° line of azimuth and so on. From the 0° azi¬ 
muth at north the measurement goes the full 360° 
around to north again; therefore, west is 270° azi¬ 
muth, for example. All azimuth measurements to sta¬ 


tionary satellites from the northern hemisphere will 
be between 90° and 270° since all the satellites lie to 
the south. 

With the meaning of azimuth and elevation in 
mind, look at fig. 1. The first number you need is the 
ground station's latitude. Locate this latitude on the 
chart. For purpose of example, let us use Minneapo¬ 
lis at 45°N latitude. This would fall somewhere on the 
horizontal line half way between 40° and 50°N in the 
upper half of the chart. 

Next, determine the longitude of the satellite and 
the ground station. I'll choose GOES-Central for my 
satellite example, at 107°W longitude. Minneapolis is 
located at 91 °W longitude. Thus, the satellite is 16° 
west of the ground station. On fig. 1 find the vertical 
position of the -16° longitude line. If the satellite is 
west of the ground station use the negative side of 
the chart and if the satellite is east of the ground sta¬ 
tion, use the positive side of the chart. 

The correct location of Minneapolis is noted on the 
chart with a cross (+). The elevation of the antenna 
can be interpolated by noting that the + is between 
the 40° and 30° elevation rings — a little closer to the 
40° ring than the 30° ring. Thus, the elevation of the 
antenna should be about 36°. The + is close to the 
200° azimuth line — about one-fifth of the way to the 
210° line, so the azimuth of the antenna would be 
about 202°. 

The actual calculation for the GOES-Central satel¬ 
lite is elevation = 35.77° and azimuth = 202.06°, 
from a ground station in Minneapolis. The graph 
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technique is accurate enough to use for most small 
antennas, but its big advantage is that there is little 
chance of making an error in calculation with this 
method. 

A fairly complete list of the geostationary satellites 
can be found in a recent issue of ham radio.* How¬ 
ever, the GOES-series of satellites is not accurately 
presented. Three GOES satellites are operational at 
any time. There may be any number of standby satel¬ 
lites in orbit in case the operational satellites experi¬ 
ence a failure. Each satellite has two names (much 
like the naming system chosen for the OSCAR satel¬ 
lites). One name (like GOES-2 or SMS-2) designates 
the piece of hardware from the development stage to 
the time it was put in orbit. The other name desig¬ 
nates the satellite when it is in use in space. Table 1 
lists the present status of the geostationary weather 
satellites in orbit as of January 1, 1982. This list in¬ 
cludes the Japanese and European satellites which 
function much like the GOES satellites. 

With this simple chart you can easily find the sta¬ 
tionary satellites in the sky and tune in on the world 
of space communications. 

references 

1. C.F. Milazzo, KP4MD, "Satellite Tracking Equations for Texas 
Instruments Calculators ," ham radio, June, 1978, page 68. 

2. R.A. Cleis, WB6POU, "Low-Cost Satellite Tracking Comput¬ 
er," ham radio, March, 1980, page 12. 

3. P.C. Bunnell, WA6VJR, "Tracking Satellites in Elliptical Or¬ 
bits,” ham radio. March, 1981, page 46. 

4. C.L. Harris, WB2CHOand J.P. Kleinman, "The Oscarlocator," 
QST, November, 1976, page 51. 

5. W.E. Pfiester, Jr., W2TQK, "Locating Geostationary Satel¬ 
lites," hamradio, October, 1981, page 66. 
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an interview with Dr. Kenneth Davies 


Dr. Davies of NOAA discusses 
magneto-ionic effects 
and their relevance 
to radio propagation 


Dr. Kenneih Davies, one of Ihe leading experis in Ihe field of mag- 
nelo-ionic studies, has provided guidance in that field since 1949. 
Al present, in his capacity as chief of the Research Division of the 
Space Environment Laboratory of NOAA, he supervises a technical 
staff involved in solar-terrestrial {interplanetary, magneiospheric. 
ionospheric, and atmospheric) studies. 

During the past thirty-three years Dr. Davies has worked on proj¬ 
ects investigating high-latitude ionospheric absorption and the use 
of oblique-incidence, pulsed ionosondes. At the famous CRPL 
ICentral Radio Propagation Laboratory), he pioneered the high-fre¬ 
quency Doppler technique used for studying transient ionospheric 
phenomena. In addition, he was the principal investigator of the 
NASA/NOAA ATS-6 radio beacon project, which involved placing 
a frequency-, amplitude-, and polarization-stable transmitter on a 
geostationary satellite. The ATS-6 space platform provided contin¬ 
uous measurements of the electron content of the Ionosphere. 

Dr. Davies, author or co-author of over one hundred publica¬ 
tions, is perhaps best known for his book Ionospheric Radio Propa¬ 
gation. which has become a standard reference in the field. While 
his professional credentials are very impressive, they are surpassed 

phenomena in terms a layman can understand. He is truly a scien- 

ham radio magazine is pleased to introduce the 
first in a series of technical interviews with ex¬ 
perts in various fields of communications. In 
this issue we are presenting excerpts from a 
two-hour interview with Dr. Kenneth Davies of 
the National Oceanic and Atmospheric Admin¬ 
istration in Boulder, Colorado. Dr. Davies an¬ 
swers questions regarding radio phenomena 
that affect all Radio Amateurs. 

This series will continue, in later issues, with 
discussions with experts in other related fields 
of direct interest to hams. The comments of 
our readers are welcomed. 



ham radio: I understand that your chief interest lies 
in magneto-ionic studies. What is that? 

Dr. Davies: Magneto-ionic studies deal with the 
propagation of electro-magnetic waves, more specif¬ 
ically, radio waves in a plasma (ionized medium) 
under the influence of an external magnetic field, the 
magnetic field of the earth. When a radio wave 
enters the ionosphere it splits into two waves, an or¬ 
dinary wave (0) and an extraordinary wave (X). The 
waves are reflected at different heights, travel with 
different speeds, and, most importantly, are absorbed 
differently. Generally, the extraordinary wave is ab¬ 
sorbed more than the ordinary wave, especially near 
what is known as the gyrofrequency. (See glossary.) 
hr: How does a radio wave leaving an antenna know 
whether it's going to end up as an 0 or X wave? 
Davies: Basically, it doesn't know until it gets to the 
ionosphere. When a radio wave enters the iono¬ 
sphere it moves the electrons there. The electrons 
bob up and down in reaction to the electric vector of 
the wave — very much like a cork in water when a 
wave passes by. They start oscillating. In the pres¬ 
ence of a magnetic field they can't oscillate back and 
forth linearly. The electron motion is twisted by the 

By Rich Rosen, K2RR, technical editor, ham 
radio magazine 
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action of the earth's magnetic field. On average, half 
the electrons rotate one way and half the other. The 
energy is divided roughly 50/50, but not always. 
There are certain circumstances in which the wave 
can become all X or 0 or you can intentionally polar¬ 
ize the wave to achieve this. 

Suppose you were at the geomagnetic equator. If 
you pointed your antenna in a north-south direction 
all the energy would go into exciting the 0 wave be¬ 
cause the electric vector is parallel to the magnetic 
field vector. If you try to move an electron along a 
magnetic field at that location it behaves as if there 
were no field. (Ed Note: F = qv x B where F - 
force on electron, zero in this case, q = charge, 
v = velocity vector and B = magnetic field vector - - 
the cross product of two in-line vectors = O). 

Now, at or near the gyrofrequency (approximately 
1.5 MHz), the extraordinary wave is very heavily 
damped. If you use a vertical radiator at installations 
near the equator with East-West and West-East 
propagation you will excite the X wave. (Ed Note: 
This is of particular importance to South American, 
African, and other 0° latitude hams operating on 160 
meters.) 

hr: It's important in Amateur Radio for example be¬ 
cause a number of hams who are very interested in 
DXing use both horizontally and vertically polarized 
antenna systems. 

Davies: That is what magneto-ionic theory is all 
about. Understanding fading is important if one is to 
understand radio wave behavior. The fact that sig¬ 
nals fluctuate can be related to 0 and X ionospheric 
theory. The 0 and X waves travel by slightly different 
paths which change as the sun rises and sets. When 
the two waves beat, deep fading occurs (as at sun¬ 
rise). 

Fading can also result from wave reflection from 
different ionospheric layers, and sometimes even dif¬ 
ferent reflections from the same layer. This can be 
explained in terms of layer movement producing 
phase differences (including 180 degrees) between 
components of the same wave. 

satellite communications is 
affected by propagation phenomena 

Davies: Trans-ionospheric propagation (propagation 
through the ionosphere as occurs in satellite to 
ground communications) provides another example 
of O and X wave phenomena. A linearly polarized 
wave emitted from a satellite is decomposed into O 
and X waves that travel at slightly different velocities 
and increasing phase separation. The combined 
wave of constructively interfered components is 
equivalent to a rotating electric vector (changing 
polarization). The ionosphere changes both daily and 
seasonally, and the signal polarization with it. During 


the morning, for example, the electric vector may ro¬ 
tate in one direction and during the afternoon in the 
other. Over a long period of time conservation must 
occur; the net rotation must be zero, 
hr: It sounds like the length of the rotation period 
might be related to some very basic phenomena. 
Davies: Yes. If conditions on the sun and in the 
earth's atmosphere were stable then the polarization 
change — say from 00 hours one night to 00 hours 
the next — would not exist. In practice, that doesn't 
happen. The reason for this is partly that the sun var¬ 
ies from day to day, and therefore conditions are dif¬ 
ferent, and also that the atmosphere is different: The 
upper atmosphere is very much like the lower atmos¬ 
phere; there are winds up there. There are irregulari¬ 
ties. These winds vary and affect the electron density, 
hr: Are we talking about a completely random 
process? 

Davies: You know that's our tendency. People have 
a tendency to say that if you can't explain something 
it's random. The answer is that this looks random 
until you understand what is causing it. These condi¬ 
tions are not random in the sense that they fluctuate 
for a reason. The reason is that the sun varies. As 
ionized particles from the sun approach the earth 
they set up electric fields from dawn to dusk across 
what's called the magnetosphere, the outer region of 
the earth's atmosphere. This active field in turn 
affects the plasma in the ionosphere. So a varying 
sun causes, through several intermediate steps, ion¬ 
ospheric variations. If we knew more about the de¬ 
tailed physics of the sun, this process might no 
longer be considered "random." 
hr: I differentiate between a process that is com¬ 
pletely random and one that appears to be random 
but is really not — or is everything causal? That is, 
we just don't know the cause? 

Davies: This is my point. I would say that everything 
that happens in the ionosphere, as far as we know, 
happens for a definable reason, 
hr: I'm thinking of the fact that you can build what's 
called a random-number generator. That is truly ran¬ 
dom. Or is that causal as well? 

Davies: One source of random signals produced 
electrically is just a hot wire: the random motion of 
electrons in a resistor. But again it's random in the 
sense that there are a very large number of them, all 
of them moving in different directions. We cannot 
specify what any one electron is doing. You can 
specify the aggregate changes but you can't specify 
one. 

solar activity indicators 

hr: What are the best indicators of solar activity? I 
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understand that ultraviolet, as a measurement tech¬ 
nique, is preferred over the 10.7-cm flux readings 
(see glossary). 

Davies: An indicator of solar activity is the sunspot 
number. Sunspots, darker and cooler areas on the 
sun, were discovered by Galileo about 1610, and 
measurements of them have been made more or less 
continuously since the early 18th century, about 
1715. These numbers show distinct cycles, the most 
prominent of which is the eleven-year cycle. There 
are longer cycles and there are shorter variations. For 
example a shorter variation of twenty-seven days is 
related to the rotation of the sun, as seen from the 
earth. 

What we call the sunspot number is determined by 
a simple formula that gives a lot of weight to groups 
of sunspots: 

R = K(10g + s) 
where R = sunspot number 
K = correction factor 
g = number of groups of sunspots 
5 = number of individual sunspots 

The question is, How good an index is this? Obvious¬ 
ly, two different observers might see different groups 
on the sun. One observer might say that two groups 
exist — another observer that it's only one big group. 
Consequently any individual value of sunspot num¬ 
ber is subjective. But if you have a sufficient number 
of observers over a long enough period of time, then 
you obtain an index which is at least roughly inde¬ 
pendent of individual preference; that is, the various 
biases cancel out. 

hr: Why 10X (weighting) for a group (of sunspots)? 
Davies: I don't know the exact historical reason for 
this, but it has to depend on a belief by solar astrono¬ 
mers (not ionospheric) that groups are more impor¬ 
tant than individual spots. It has been found that the 
critical frequencies of the ionospheric layers vary 
roughly linearly with sunspot number. This is impor¬ 
tant since sunspot numbers enabled people, in the 
early days, to project into the future. They could see 
a long series of cycles and predict what the next one 
was going to be. 

Systems have been developed for predicting fu¬ 
ture sunspot cycles. One of these developed at CRPL 
is the McNish-Lincoln method. Data from an ascend¬ 
ing cycle enables you to predict, fairly reasonably, 
sunspots for the next year or so. 
hr: Could they have predicted cycle 21 's demise based 
on its rise? 

Davies: I'm not sure how long they took to predict 
the peak, but the prediction was very good for this 


cycle once it started. Now there are departures. You 
know this was a steep cycle. And there are differ¬ 
ences, perhaps ten or twenty units. However, in gen¬ 
eral there is close correspondence between the pre¬ 
dicted and measured curves. 

hr: Cycle 21 (present cycle) had a twelve-month 

maximum moving average of a little over 160. A very 

nice cycle. And this one, what a beauty (looking at 

cycle 19) with 201 smoothed sunspot numbers. 

Davies: That's the grand-daddy of them all. 

hr: It was an interesting time to be an active Radio 

Amateur. 

Davies: That's right, 1958. (Cycle 19 was the largest 
modern recorded sunspot cycle, peaking late '57, 
early'58.) 

hr: What about ultraviolet as a measurement tool? 
Davies: Let's go back to sunspots for a moment. 
Why should sunspots be related to anything in the 
ionosphere? They are just black patches on the sun. 
To answer the question, let's look at how the iono¬ 
sphere is formed. The F-region of the ionosphere is 
caused mostly by solar radiation in the region of 300 
to 1200 A (Angstrom unit = 10" 10 meters). The EUV 
(Extreme Ultra-Violet) of the sun's radiation ionizes 
the oxygen in the upper atmosphere. But you can't 
measure that from the ground, since it's all absorbed 
in the ionosphere. If you look at these radiations from 
satellites above the ionosphere, you find that there's 
a high correlation between them, 
hr: Which satellites? You mean satellites in geosta¬ 
tionary orbit? 

Davies: Orbiting satellites appreciably above the 
maximum of the F layer. 

X-rays, on the other hand, having wavelengths of 
roughly 1-10 A, come through the F-region. They 
have much more penetrating power and ionize the D 
and E-regions. An important point (hams take note!) 
is that over a sunspot cycle the EUV can increase by 
a factor of perhaps ten from low to high sunspot 
number, whereas the X-ray flux may increase by a 
hundred or a thousandfold during that same 
period. 

hr: No wonder my 3,8-MHz signals get so absorbed 
during the sunspot cycle peak. 

Davies: There's a much bigger solar factor variation 
of X-rays than there is of EUV. As you go further into 
the longwave part of the spectrum this becomes 
even more noticeable. For example, in the visible part 
of the spectrum there's hardly any change. The solar 
constant, the amount of energy falling on one square 
meter, doesn't change very much, less than approxi¬ 
mately Vi to 1 percent. 


30 EBB January 1983 



Solar flares are another important category of 
emissions from the sun that affect terrestrial condi¬ 
tions. They are shorter-term fluctuations lasting from 
several minutes to days. A sudden ionospheric dis¬ 
turbance, a direct effect of X-rays from flares, can 
cause a radio blackout. The D-region experiences a 
tenfold increase in ionization. The D-region is impor¬ 
tant because, even though there are fewer electrons 
there than in the F-region, there are many collisions 
with neutral molecules. Remember that when a radio 
wave enters the ionosphere, the electric vector sets 
electrons in motion and, normally, if there were no 
collisions that energy would be restored, since a 
moving electron radiates. However, if the electron 
hits a molecule the energy that's re-radiated is basi¬ 
cally converted into heat (from the motion) and radio 
noise; that is, random, electro-magnetic noise is gen¬ 
erated. Once a collision takes place, the electron 
loses energy, and in the D-region these collisions 
occur often. This is the region where the energy is 
absorbed from the radio wave, 
hr: What about the 10.7-cm flux? 

Davies: The 10.7-cm flux technique is a good meas¬ 
urement. It has several advantages. First, unlike the 
sunspot number, it is a measurable quantity. Sec¬ 
ondly, it penetrates the earth's atmosphere and can 
be measured on the ground. You don't have to see 
the sun. On a cloudy day it can still be measured, 
hr: How accurately can you measure this? 

Davies: It can be measured to roughly 0.1 percent, 
hr: One thing still confuses me. It's possible in ap¬ 
proaching cycle 21 minimum to have an SSN 
(twelve-month moving average) of 20 or 30 or less 
and yet on any particular day to have a high solar flux 
indication. Which should a communicator follow 
more closely, the SSN or flux measurements? 

Davies: I would think that the 10.7-cm flux is prob¬ 
ably the best index because of the reasons I've al¬ 
ready given. 

hr: Is it possible to have a fairly heavily ionized iono¬ 
sphere even during a time of solar minimum? 

Davies: Yes it is. Even at a sunspot minimum, severe 
magnetic and ionospheric storms can occur. In 
speaking of storms, by the way, these are distur¬ 
bances produced by particles impinging on the earth 
that affect electrons stored around the earth. When a 
disturbance occurs in the solar wind, these particles 
accumulate near the earth, accelerate, and plunge 
into the earth's atmosphere. They are stored in the 
magnetosphere, the Van Allen radiation belt. These 
storms are very important from a radio communica¬ 
tions point of view because they are the most de¬ 
structive of all the ionospheric effects. They can last 


for two or three days and cause the critical frequen¬ 
cies (maximum frequencies) to drop by a factor of 
two or three, which means the spectrum available to 
communicators is reduced. This is particularly 
noticeable in high latitudes, near the auroral zone, 
because that's where the particles are. 
hr: Does it enhance PCA (polar cap absorption)? 
Davies: Yes, generally, but not always. Polar cap 
absorption events are due to energetic protons over 
the polar caps — but inside the auroral ring. Whereas 
storms start in the auroral zones. Storms are much 
more important than PCAs. 

PCAs are relatively rare. You get a few per solar 
cycle and they're confined to high latitudes where 
the density of population is low. Some people mis¬ 
takenly label an ionospheric storm as a PCA when 
they really mean ionospheric storms. Ionospheric 
storms are due to the arrival of particles of lower 
energy; not millions of electron volts, but a few thou¬ 
sand EV. 

In a severe ionospheric storm energy is dumped 
into the auroral zone but the effects are carried by at¬ 
mospheric circulation to low and middle latitudes 
where they can play havoc with radio communica¬ 
tions by depressing the upper frequencies, 
hr: I saw a report of a storm’s effects lasting up to 
fourteen days. 

Davies: That's right, especially in the lower iono¬ 
sphere. It's called the storm after-effect and disturbs 
very-low-frequency navigation systems like Omega. 
Although the storm has died away as far as magnetic 
disturbances are concerned, the storms after-effects 
persist in the ionosphere. 

cycle 21 characteristics 

hr: We have talked briefly about cycle 21. Is it more 
or less typical, or has it surprised people? 

Davies: It's taken many people by surprise. And the 
reason is this: Although it's a relatively big cycle with 
respect to ionization, so far as disturbances and 
storms are concerned it's relatively modest. It's not 
what we would have expected. Until this year, when 
we have had some disturbances, the number of 
storm effects have been small given the size of the 
cycle, The reason we're surprised, of course, is really 
that we don't know much about the solar cycle; that 
is, our sample of previous solar cycles is relatively 
limited. That is why we need to continue observa¬ 
tions of the sun and related geophysical effects, 
hr: Where are we in the cycle right now? 

Davies: We're about halfway down the declining 
part of the cycle. 

hr: What would our smoothed sunspot twelve- 
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month moving average be? 

Davies: The latest sunspot number for June, 1982, 
was 110. 

hr: That's still very high. 

Davies: But then the month before it was down to 
81. Whereas the month before that it was up to 122. 
Yes it is high. 

hr: For January, 1983, for example, which is when 
this information will be published, what do you 
estimate? 

Davies: In January we can probably expect numbers 
of the order of 90. 

hr: Do most cycles go down to 5 or 10 (SSN) regard¬ 
less of their maxima? Cycle 19, for example? 

Davies: Yes roughly. They go down to about 10, 
some go to 5. Big cycles can be followed by small 
minima. Cycle 18, which began in 1944, was a big 
cycle with a very low minimum, 
hr: How do people predict future cycles based on 
past cycles? 

Davies: There are a number of ways. One way is to 
take a time series analysis of previous cycles, reduc¬ 
ing it into simpler terms or waves with different peri¬ 
ods. Then predict the future by getting equations for 
each of these waves. This is a purely mathematical 
approach. 

hr: An orthogonal series like a Taylor or Fourier? 
Davies: Fourier usually, or a new method, devel¬ 
oped in the NOAA laboratory by Dr. Paul, called an- 
harmonic frequency analysis. It provided a very good 
estimate for cycle 21. But, depending on what pre¬ 
diction method you use, you can come up with very 
different cycles. 

hr: If, to predict cycle 21, you were to take all the 
previous cycles up to 21 and then do your Fourier or 
anharmonic frequency analysis, what would be the 
results? 

Davies: It turned out that the maximum sunspot 
numbers predicted by that technique did, in fact, 
prove to be around 160 (cycle 21). 

We're still a long way from an understanding of 
the sun, which is what we need to be able to predict. 
You must remember that all these methods tend to 
be recipes, not true understanding, 
hr: Will we ever be able to accurately predict cycles? 
Let's look into the future. Is there any reason to be¬ 
lieve that we will understand all the processes both 
quantitatively and qualitatively well enough to be 
able to say, "Cycle 475 is going to have a peak of..."? 


Davies: Yes, I think that is possible in principle. 
After all, think of astronomy and how we can predict 
satellite and planetary orbits with extremely good 
accuracy. There's reason to hope that, given enough 
effort, the secret will be unlocked. At the moment 
we don't know if we're doing the right thing. We 
have to wait for a Newton . . . 

extraplanetary effects on earth 

hr: We talked about sudden ionospheric distur¬ 
bances. Are there other causatives, such as plane¬ 
tary conjunctions? 

Davies: Yes, I think it was Mr. Nelson of RCA who 
hit upon a method by which he predicted distur¬ 
bances on the basis of planetary alignment. He said 
that when the planets were lined up on one side of 
the sun storms would occur. The interesting thing is 
this: it seems that he predicted a few of these storms 
within a number of days. But statistically, these 
methods do not stand up to scrutiny. The question I 
have asked people who criticize this is the following: 
If you could predict the big ones, isn't that important 
— much more important than missing out on the 
small ones? 
less well known 
ionospheric layers 
hr: Are there layers other than D, E, and F? 

Davies: There have been some claims for a C-layer 
which is formed about 60 km up, caused by cosmic 
rays and is therefore always present. There is another 
phenomenon seen on ionograms during a storm 
when the critical frequency of a regular F2 is greatly 
diminshed: a little kink appears very high up and is 
called a G-layer. It's probably not a distinct layer but 
is a phenomenon that occurs, let's say, at special 
times only. 

hr: Would it correspond to the normal height of the 
F-layer? Or is it even higher? 

Davies: It's difficult to say how high it is because on 
an ionogram some of the apparent height is caused 
by retardation underneath. It's not a true height of 
reflection. The height is actually lower than the 
height you see on the ionogram. 
hr: We're talking virtual heights on an ionogram? 
Davies: Yes, virtual heights. During solar eclipses, in 
certain parts of the world, the F-|-layer tends to break 
up into Fi and Fi %. Then the E-layer at times has lit¬ 
tle kinks in it called the Erlayer and the E2-layer. But 
you must remember that these are not necessarily 
physical phenomena. They are the appearances of 
traces on the ionogram. 
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hr: Are new techniques and instruments now avail¬ 
able that will help us differentiate between an appar¬ 
ent and an actual height? 

Davies: The new digital ionosondes (conventional 
sounders are analog) will help us interpret the results. 
What they will tell us is where the signals actually 
come from: whether they arrive from vertically above 
the sounder or off to one side. What the new sound¬ 
ers will therefore do is help us interpret the structure 
of the ionosphere. That will help. 

We've found that some of these "extra" layers are 
not extra layers. They are layers off to one side at the 
same height — perhaps parts of another layer. (As an 
example, if you're 45 degrees off vertical and get a 
reflection from a hundred kilometers away, you 
might see another trace at 140 km. Without any 
other information it's possible to interpret that as a 
layer at 140 km.) 

A greal deal of effort in the 1940s and 50s was put 
into interpreting echo traces on ionograms. Without 
full knowledge, it's a very frustrating exercise and in 
many cases fruitless. 

A technique that gives the true height of the iono¬ 
spheric layer directly is the incoherent scatter tech¬ 
nique, in which radio power is scattered by individual 
electrons. This requires very large and expensive sys¬ 
tems, and there are only about six of them in oper¬ 
ation. 

modes of propagation 

hr: Most Radio Amateurs are familiar with the terms 
one-hop, two-hop via the E or F-layer, but what 
about M-type: F2 - Es - F2 and some of the lesser 
known modes? 

Davies: Well, for example, in trans-equatorial propa¬ 
gation, there's evidence that you can get, because of 
distortion of the ionosphere, an equatorial anomaly. 
You can get two reflections off the ionosphere with¬ 
out an intermediate ground reflection. It happens in 
the evening hours around the equator. There are rel¬ 
atively few of these mechanisms of propagation that 
are really well documented and well founded. 

There have been suggestions that transequatorial 
propagation is really due to ducting — ducts which 
go way out, well above the ionosphere, and trap 
energy. 

hr: Well above the ionosphere? 

Davies: Yes, or into the upper parts of the iono¬ 
sphere. 

hr: When you say well above, what are you referring 
to? 500 km? 

Davies: Maybe 500,1000, or 2000 km. But it's not as 


great as Whistler waves, which are VLF waves, 
audio-frequency-type waves, which can go out to 
very large distances, like 30,000 km. 

long delayed echoes 

hr: It is said that there's a phenomenon called LDE 
(long-delayed-echo), approaching a second. Do you 
know of any reason for an LDE that long? 

Davies: It's not a field I've closely followed. Plasma 
physicists say that there is some instability — a stor¬ 
age in the plasma — that takes a long time to release. 
The people who have studied it insist that these 
echoes are real. They have coded the signals and 
claim that they have received real long-delayed 
returns. 

Maunder minimum 

hr: Is there evidence today to indicate that the Maun¬ 
der minimum actually did occur, or is it felt that it 
was merely a result of lack of recording capability? 
Davies: I think that there is evidence that there was 
a Maunder minimum. It's not likely to have been sim¬ 
ply a lack of data. 

hr: Is it probable that future generations will see a 
Maunder minimum? 

Davies: I would say yes. It's certainly quite possible. 
It could happen many times in fact. It could happen 
the next cycle. Who knows what the next cycle is go¬ 
ing to be? 

sidescatter 

hr: Can you explain the reason for signals sometimes 
deviating from great circle paths? One example that I 
recall is the U.S./Europe path via North Africa. Is 
this a well-known, often-occurring condition? 

Davies: Yes, I think it is. It's been known for many 
years that signals from Europe often appear to come 
from directions roughly in the mid Atlantic or North 
Africa, the Sahara region. One suggestion has been 
made that this occurs when the direct path say from 
Europe to North America passes through a disturbed 
auroral zone. If that zone is disturbed, the direct path 
through the auroral zone is cut out. But you still re¬ 
ceive a signal across the Atlantic. It is reflected off 
the coast of Africa; that is, it hops down to Africa, 
scatters there, and then across the Atlantic. That 
bent path is too far south for the storm to affect it. 
That has been documented and is a possible expla¬ 
nation. 

hr: Are there other explanations for sidescatter? 
Davies: I think that's the primary one. The other 
possibility for a signal coming off the great circle path 


January 1983 01 33 



is ionospheric irregularities, particularly field-aligned 
ones. Irregularities in the ionosphere tend to be field- 
aligned because electrons can move easily along the 
field but not across it, creating sheets or columns of 
ionization. If the geometry is right you get perpendic¬ 
ular reflection. 

twilight-zone propagation 

hr: What is twilight zone (gray-line) propagation? It's 
a term Radio Amateurs use to explain a non-great- 
circle path that provides an unexpected opening. 
Davies: I know that people claim RTW echoes are 
signals received long distances along the twilight 
zone, or earth's day/night dividing line. It seems to 
be some form of ducting. 

forecasting and predicting 

hr: Can you explain the difference between the terms 
forecasting and predicting? 

Davies: Yes. When people talk about predicting, 
they mean long-term: predicting what the critical fre¬ 
quencies will be next year or the year after or during 
the next sunspot cycle. This is done for long-range 
planning purposes: what frequencies you should re¬ 
quest, what antenna should you design, angles of 
takeoff, arrival, and so on. Propagation conditions 
for the long term are usual ly referred to as predictions. 

Forecasting on the other hand is usually thought 
as short term, in terms of solar flares. 

forecasting solar flares 

Davies: To forecast solar flares, we must keep a 
watch on the sun all around the world and report 
what happens when a solar flare has occurred by op¬ 
tically viewing the shape and features of the sun. 
These are solar features such as plages, magnetic 
configurations, etc. We measure the way the solar 
magnetic fields become distorted. It's an energy 
build-up at these active regions of the sun. When this 
occurs we also receive other information from the 
sun, solar radio emissions for example. One way of 
forecasting a PCA is by observing the shape of the 
spectrum, the so-called U-spectrum wherein the flux 
has a U (or dip) in the microwave region. There's a 
minimum in the spectral distribution. 

HR: Just prior to the disturbance? 

Davies: Yes. We look at the sun in visible light and 
X-rays. X-rays are very important. X-rays are classi¬ 
fied C(s), M(s), and X(s), in which an X flare is a large 
flare which causes short-wave fadeout (the system 
was developed in the Space Environmental Services 
Center). This is one of the best ways we now have of 
measuring the size of a flare and its ionospheric 
effects. It's possible to have a big flare optically that 
may have almost no effect on the earth, 
hr: Is this because it misses the earth? 


Davies: No. It may be because the spectral content 
is different. Remember you can have two large 
flares: one has strong X-ray burst components that 
ionize the D-region and cause blackout; the other 
flare, which looks the same in visible light, may not 
have the X-ray components. 

Also, the other point you've raised is valid. The 
earth must be in the proper position to be hit by the 
particle burst. We don't know at the moment what 
the relationship is between the visible appearance of 
a flare and its particle output. That is something that 
we must determine. 

future of forecasting 

hr: Let's look ahead twenty years. Do you see a con¬ 
siderable improvement, based on the work that is 
occurring right now in the lab, in terms of fore¬ 
casting? 

Davies: Well, unfortunately no. The outlook is very 
bleak I must admit. Under the President's budget all 
research, for example, in this lab, Space Environ¬ 
mental Research, will be abolished. 

tools of the trade 

hr: Can you briefly describe the function of the fol¬ 
lowing instruments: auroral radar, Faraday polarim- 
eter, digital ionosonde? 

Davies: An auroral radar is a fixed-frequency radar 
which bounces signals off ionization in the auroral 
zone. 

A Faraday polarimeter is a device that measures 
the rotation of the electric vector of a wave and, 
hence, the electron content of the ionosphere. 

A digital ionosonde is a recording instrument that 
provides standard amplitude and height information 
(as in conventional ionosondes) and parameters that 
can be used to determine polarization, phase, and di¬ 
rection of arrival of the signals, 
hr: Can't these ionosonde tasks be accomplished 
using conventional instrumentation? 

Davies: Yes, separately. The new digital sounders 
enable all of these to be done together. That's the big 
advantage of the new system. 

The major thing that we are able to do with new in¬ 
formation is determine where the signals come from 
— and therefore what the horizontal gradients in the 
ionosphere are. The ionosphere is neither a flat nor a 
concentric medium. 

For example, there's a mid-latitude trough (depres¬ 
sion in electron density) in the F-region just below 
the auroral zone. It's very important, since it distorts 
the ray path of over-the-horizon radars. 

interest in hf 

hr: This naturally brings us to my next question. Why 
is there renewed interest in hf? 
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Davies: It's related to the obvious advantages of hf. 
The installations cost less and the system is useful for 
long distances. There was a feeling in the 60s, when 
geostationary satellites were beginning to be used, 
that our radio communications problems had been 
solved. We thought we could get rid of ionospheric 
effects by going to satellite communications — the 
ionosphere would have no effect. But the ionosphere 
does have an effect, even at these frequencies, in the 
form of scintillation; even up to 6 GHz. Also, of 
course, from a vulnerability point of view, satellites 
are perhaps more vulnerable than the ionosphere to 
an enemy action. You can wipe out a satellite, but 
it's more difficult to wipe out the ionosphere, 
hr: You mentioned that the ionosphere is extremely 
forgiving. 

Davies: Yes, I think this is true of the entire earth. It 
recovers from abuse. We pollute the ionosphere in¬ 
tentionally and unintentionally. Huge electron deple¬ 
tions have been noted during the launches of Saturn 
rockets for example. Thousands of kilometers are 
affected, 
hr: Temporarily? 

Davies: Yes, perhaps for an hour or two at night. 
The sun replenishes it. Even though huge quantities 
of O 2 , H 2 , and water are put into the atmosphere, 
these are natural constituents. They don't do long¬ 
term damage. 

future of hf 

hr: What's the future for the high frequencies? 
Davies: I think they will always be with us. I can re¬ 
member when I started my professional career, peo¬ 
ple said to me the high frequencies are dead. That 
was thirty years ago. 
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remote-site receivers 

and repeater operation 


A system for selecting 
the strongest signal 
from remote-site receivers 

Repeaters are usually built for mobile and hand¬ 
held use. Usually the repeater transmitter has a 20 dB 
power advantage over a hand-held. At the same time, 
the received signal at the repeater is reduced by this 
same figure. This means we can hear the repeater 
transmitter much better than the repeater receiver 
hears the hand-held. 

One of the easiest ways to equalize coverage is to 
install remote receivers (commonly referred to as sat¬ 
ellites). This concept has been used successfully for 
many years on commercial fm systems, providing full 
quieting signals over an entire metropolitan area. 

satellite operations 

A remote receiver system places receivers in loca¬ 
tions distant from the main repeater transmitter site. 
The remote receivers relay the weaker signals back to 
the transmitter via UHF links. The ideal system, 
shown in fig. 1, uses three remote receivers feeding 
one transmitter. Since the receivers are located away 
from the transmitter, you can run higher transmit 
output power without desense. 

So far this seems fairly simple; however, the big 
problem is designing an effective voting system 
where the transmitter site will vote (select) the 
strongest, fullest quieting signal. In commercial sys¬ 
tems voting becomes very elaborate, almost impos¬ 


sible for Amateur repeater groups to maintain and af¬ 
ford. Motorola uses a system of encoding tones at 
various levels in which an elaborate gate system se¬ 
lects the receiver hearing the best signal. 

Many Amateur repeater groups could use multiple 
receiver site systems, however, to date there has not 
been much in the way of a simple and inexpensive 
voting system described in Amateur literature. This 
article describes a very simple voting system that will 
allow three remote receivers to feed one transmitter 
with the best quieting signal. It has served our 
Marissa, Illinois, repeater system very well. 

The transmitter site contains three link-receiver 
boards which operate on the 220 MHz band. These 
boards were removed from Midland Model 13-509 
220 MHz transceivers while the corresponding trans¬ 
mitters were used at the three receiver sites. At 
WD9GOE each of the 220 MHz receiver boards were 
mounted on a separate chassis with proper connec¬ 
tors to plug in to a main frame. This allows for easy 
installation and quick service should malfunctions 
occur. All three receivers are exactly alike except for 
the operating frequency. Each 220 MHz transmitter 
operates on separate frequencies. WD9GOE/R uses 
30 kH2 separation between the three link fre¬ 
quencies. 

voting secret is time 

The secret to this simple voting system relies on 
the time it takes the 2-meter receiver to turn on the 
link transmitter. A full quieting signal turns the link 
on immediately. A signal that is - 10 dB quieting or 

By Bob Heil, K9EID, #2 Heil Industrial Blvd., 
Marissa, Illinois 62257 
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fig. 2. Satellite receiver delay board. 


less delays the link transmitter from turning on for up 
to 0.5 second. Therefore, the first signal the trans¬ 
mitter receives will be the best quieting. When using 
multiple receiver sites, it is best to adjust the squelch 
controls of each remote receiver a little tighter than 
normal. 

latching logic 

At the transmitter site, the three link receivers' 
squelch turns on a dc switch that feeds a series of 
gates. The gate series accepts the first signal and 
locks out the other two. This type of priority latching 
system allows a mobile system to key up more than 
one of the receiver sites and, as the signal jumps 
from one site to another, will automatically switch 
sites. The gates ultimately turn on the PTT transistor 
switch which keys the transmitter (fig. 1). 

The audio from the three receivers is selected by a 
4066 switch. It switches the audio very smoothly. An 
active audio equalizer which allows loss in frequency 
response or level during the link process to be made 
up provides the system with excellent audio quality. 
The audio mixer/equalizer is an active device that 
can provide plus or minus 12 dB of dynamic range 
between 300 and 2000 Hz. 


receiver delay board 

The delay board used at each two-meter receiver 
site uses one LM555 timer 1C and three NPN transis¬ 
tors (fig. 2). The limiter voltage from the receiver is 
fed to the VCO input (pin 5), and the squelch line is 
fed to the pin 2 control input. If the limiter current is 
high, meaning the receiver is hearing a very strong 
signal, the 555 turns on immediately. As the limiter 
voltage drops, which means a weaker signal is being 
heard, the 555 will delay turning on for 0.5 second or 
more. This delay can be adjusted with the 1M pot 
connected with pin 7 of the 555. 

Alignment of the delay board is simple. Read the 
voltage at the pin 5 test point. Set R1 fully clockwise 
and R2 fully counterclockwise. Set R3 for a one-sec¬ 
ond key-up delay. With no signal input, pin 5 will be 
about 1 volt below VCC. Apply a full quieting signal 
to the receiver and adjust R2 until pin 5 reads 0.025 
volt. Still applying signal, adjust R1 to decrease sen¬ 
sitivity. Decrease R1 enough to raise pin 5 by 0.2 
volts, giving a reading at pin 5 at about 0.45 volt. 
With no signal, pin 5 should read about 3.5 volts. 
This level is dependent upon the value of VCC. Ad¬ 
just R3 for the desired delay. 
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The output keying transistor of the delay board will 
key the 220 link transmitter so no other COR or logic 
is necessary at the receiver site. The delay board is 
small enough to mount inside a Motorola or GE re¬ 
ceiver strip. 

The accuracy of the 555 timing sequence is critical. 
A normal LM555 is useful from 0 degrees to 70 de¬ 
grees C. Signetics makes a military spec LM555 
which guarantees operation from -70 to + 125 de¬ 
grees C. Use of this device is highly recommended. 

link benefit 

This system gives one side benefit. Users of 220 
equipment will be able to work two meters with their 
220 gear by operating on one of the link frequencies, 
providing they can hear the link from the main receiv¬ 
er and the transmitter site receiver can hear them. 
Caution should be observed because there may be 
times a hand-held or mobile station may key a remote 
receiver no one is listening to. It is best to be able to 
monitor all three links to be safe. 

link antenna system 

The Marissa system operates their three receivers 
on a battery back-up system. Only 1 or 2 watts of link 
power is used and this feeds a seven-element Yagi. 
After much experimentation, we found that by using 
horizontal polarization for the link antenna system, 
we were able to improve the signal-to-noise ratio be¬ 
cause most manmade noise is vertical in polarization. 

battery warning beeper 

Each receiver site has a warning beeper that acti¬ 
vates when the site goes on battery power. One loca¬ 
tion high atop a grain silo loses commercial power at 
5 p.m. each day and all day Sunday. A large tractor 
battery powers the site when the line voltage is off. 
To warn the control operators and tech crew that the 
site is on battery power, a beep sounds every 15 sec¬ 
onds when that receiver site is activated. The tone 
level is adjusted so it does not interfere with the re¬ 
ceived signal. Two 555 timers are used to do this (see 
fig. 3). 

temperature problems 

The first winter the system was used turned out to 
be a real challenge for the tech crew. The 220 rigs 
were built by Uniden in 1973 and 1974 and marketed 
under several names. At that time the marketing peo¬ 
ple thought the 220 band was going to be given to 
the CB service. The units were not designed to be 
used in extreme temperature changes. The biggest 
problems encountered when using them as link com¬ 
ponents is frequency shifts. 



The problem is the TR-29 oscillator transistor cir¬ 
cuit. It was found to be very unstable when operated 
below 30 degrees fahrenheit. A simple cure was to 
mount two small grain of wheat pilot lamps (removed 
from the front panel of the rig) as close as possible 
around TR-29. Hold them in place with silicone rub¬ 
ber compound. A 200-ohm resistor is used in series 
with the lamps to lengthen filament life. This was 
done around the crystal also. You could install a crys¬ 
tal oven but the pilot lamp trick works well and is 
much more economical. 

WD9GOE/R 

The system at Marissa has three receiver sites. 
One is thirty-five miles north of the repeater near 
Scott Air Force Base. The main site is five miles from 
the repeater transmitter, and the third, thirty-five 
miles south at Pickneyville. All receivers are Motorola 
Motran M series. The repeater transmitter runs 200 
watts on 147.210 MHz using a General Electric CP-5 
final with a 4CX250B. The system has been in opera¬ 
tion for about three years and works very well. A sim¬ 
ilar system is in operation at Gillespie, Illinois, in 
WR9ACD/R, built by Jim Heyen. We have spent 
countless hours and shared many ideas on the design 
of this system. 

It is normal to hear two-way hand-held communi¬ 
cation across a 50 to 60 mile path. Mobiles enjoy 
solid 70 to 80 mile coverage. The system also has an 
elaborate link system with ten-meter fm, and six- and 
two-meter SSB. It also has voice identification and 
information tapes, time machine, autopatch, and 
several other features. 

The remote voting receivers have helped to more 
than triple the coverage of our repeater system. They 
are inexpensive and require little, if any, mainte¬ 
nance, and will be a worthwhile addition to any 
system. 

ham radio 

The complete kit of drilled PC boards, all parts and Instructions are available 
for $82.00 (plus $3 shipping) from Heil, Ltd., P.O. Box 68, Marissa, Illinois 
62257. Editor 
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the simple 

simplex autopatch 


Mix a transceiver, 
some parts and ingenuity 
to build this simple device 

Many repeaters in the Amateur service employ a 
method of accessing the telephone system. Useful¬ 
ness of this autopatch feature is reduced if the re¬ 
peater is often used for normal communications. It is 
my experience that commercial autopatch systems 
are very costly and home-brew units can get quite 
complicated. A simpler and cheaper autopatch may 
be built around an available VHF/UHF transceiver by 
using a different method. 

the simplex concept 

The most expensive part of a repeater autopatch is 
the repeater itself. A significant cost reduction is real¬ 
ized by using simplex communication; transmitter 
and receiver do not have to operate simultaneously. 
This concept eliminates many problems since no 
antenna duplexer is needed, only one antenna is re¬ 
quired, and a standard transceiver may be used. 

The simplex concept has a problem: if the tele¬ 
phone side of the conversation is being transmitted 
by the patch, how does it determine when the pri¬ 
mary user wants to talk? When should the system 
switch to receive? 

One common design in commercial systems 
switches to receive whenever the person using the 
telephone stops talking. The person using the radio is 
now free to begin transmitting into the patch. This 
method is unsuitable in Amateur radio service since 
the ham must have complete control over all rf trans¬ 
mission, including the autopatch. 

Another method of transmit/receive control is to 
switch the patch transceiver periodically into a brief 


receive window. The window checks the frequency 
for presence of a carrier, presumably signifying that 
the ham user wants to talk. If the carrier is present, 
the patch will remain in the receive mode until the 
carrier disappears. If no carrier is present during the 
receive window, the patch system immediately re¬ 
sumes transmitting until the next window test. No 
part of the telephone conversation is lost if these 
windows are brief. 

A complete simplex autopatch system consists of 
four major components: the controller and telephone 
interface, the transceiver, a power supply, and an an¬ 
tenna. This article describes the controller in detail 
and shows how a complete system can be built 
around an ICOM IC-230 transceiver. 

The controller is a dedicated unit and not micro¬ 
processor-based. I found that standard TTL provides 
a simpler control unit that is easy to trouble-shoot. 
Those of you without access to a PROM programmer 
will be relieved to know that this project does not re¬ 
quire memory programming! 

The patch circuitry is relatively simple but boasts 
such useful features as an automatic identifier, time¬ 
out circuitry, and full monitor capability. It can still be 
used as a normal transceiver even though the rig re¬ 
quires some squelch modification. 

the controller 

The control unit is the heart of the simple simplex 
autopatch. It performs the connect and disconnect 
functions between telephone and transceiver. It also 
generates the receive window for transmit/receive 
control and provides the CW identifier. Time-out cir¬ 
cuitry and an audio monitor are included. 

The controller is the small chassis on top of the 
IC-230 in fig. 1 and operates from the same 12 Vdc 
supply as the transceiver. My system is powered by a 
battery to avoid problems when power is not avail¬ 
able. 

A block diagram of the controller is shown in fig. 2 

By Robert K. Morrow, Jr., WB6GTM, 9792 
Oma Place, Garden Grove, California 92641 
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with the main schematic in fig. 3. Identifier, reset, 
and power supply sections are detailed in fig. 4. 
Fig. 5 shows the inside view of the controller chassis. 
Three tone decoders control telephone line connect 
and disconnect. The timeout section will switch the 
system to standby if the patch remains on for about 
two minutes with no incoming signal interruptions. 
The receive window generator section is described 
later. 



fig. 1. The Simplex Autopatch System. The autopatch con¬ 
troller is the small chassis on top of the ICOM IC-230 2-meter 
transceiver. The battery is optional and allows continued 
operation after power failure. 



audio 

Transceiver audio is taken from the receiver's dis¬ 
criminator so that audio into the controller is inde¬ 
pendent of the transceiver volume control setting. 
This low-level audio signal is amplified by U1 and 
sent to the telephone line through transmit/receive 
relay K2 and isolation transformers T1 and T2. Re¬ 
ceiver audio also goes to monitor amplifier U2 and 
three tone decoders, U5to U7. 

Telephone line connection is from the red and 
green wires through line-connect relay K1. One line 
isolation transformer with 600 ohm impedance on 
each winding is normal. I used two Radio Shack 
units wired back-to-back, since they were inexpen¬ 
sive and easy to find. 

The 567 tone decoder has a reputation for false 
triggering. I made an attempt to improve reliability in 
two ways: first, transistor Q1 turns off U1 whenever 
the receiver is squelched so that noise cannot acti¬ 
vate the decoders. Second, the 567 switching speed 
is slowed by the 10 #iF capacitor to pin 1 of each chip. 
The tone must be present for about one-third second 
to activate the decoders. 

beginning the control sequence 

U9A in fig. 3 is a D-type flip-flop that holds the 
most recent tone command, either connect or dis¬ 
connect. A connect command is applied directly to 
the preset input while the disconnect command re¬ 
sets U9A through its clock input, pin 3. The clear in¬ 
put at pin 1 is activated by the RESET (from fig. 4) 
or the time-out from U 12. This configuration saves 
a gate since the RESET and disconnect signals, while 
performing the same function, are applied to differ¬ 
ent pins on the flip-flop. Gate conservation is impor¬ 
tant: every gate in any package is in use I 

It should be noted that HI and LO markings in fig. 
3 are the TTL logic levels for the particular function. 
Audio amplitude levels are given later under control 
circuit alignment. 

Flip-flop U9B is set each time a connect or discon¬ 
nect command is decoded.* When either command 
disappears and the receiver squelch is on via inverter 
02, gate U40 starts the identification (ID) sequence 
by clearing U19B (fig. 4). U9B is cleared through D5 
when the ID begins. This interconnection causes an 
automatic ID transmission at the beginning and end 
of each time period the patch is used. If each phone 
call is limited to ten minutes, identification require¬ 
ments are fulfilled. 

Telephone line connect relay K1 will pick up when 
both bases of Q6 and Q7 are pulled low. This occurs 
when the patch has been activated (U9A set) and the 


•U88 and U8A will OR high inputs without inverting the output; when 
either output returns low. U4A output goes high to clock U98 on the 
positive-going edge. Editor 
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table 1. Parts List. 





C18 

0.22 



C26 




C28 


R2 

50K trimmer potentiometer 

C30 


R3.R9.R10.R32 




R4 

10K trimmer potentiometer 

Transistors 


R5 

5K panel-mount potentiometer 

Q1,Q2,Q3,Q4, 


R7 

25K trimmer potentiometer 

Q5,Q8 

2N2222or equivalent NPN 

R8.R12.R38 

47 K 

Q6,Q7,Q9,Q10 

2N2907 or equivalent PNP 

R6.R11 

100K 



R13 

IK 

Integrated Circuits 


R14.R17.R22.R26, 

4.7K 

U1.U2 

LM386N-1 

R27.R28, R33, R40, R41 


U3,U10,U11,U12, 


R15, R18.R20, R24 

5K trimmer potentiometer 

U14.U17 

LM555J 

R16.R21.R25.R34 

22K 

U4,U16 

7400 

R19.R23 

7.5K 

U5,U6,U7 

LM567N 

R29.R36 

220 

U8 

7432 

R30 

100K trimmer potentiometer 

U9 

7474 

R31 

2K trimmer potentiometer 

U13 

LM309K 

R37 

680 

U15 

7473 

R39 

470K 

U16 

7493 



U19 

7476 

Capacitors, n F, 15 V Disc unless noted 

U20.U21 

74154 

C1,C2 

.001,250 V minimum, disc 



C3 

.47 

Diodes 


C4,C6,C7,C9 

0.1 

CRIto CR6.CR8, 


C5 

30, 6 V electrolytic 

CR9,CR11,CR12 

1N34A or equivalent germanium 

C8,C11,C12,C27, 


CR7,CR10 

1N4000 or equivalent 

C29,C33,C35 

.01 

DS1.DS2 

16 mA LED, panel-mount 

C13.C14 

.001 

K1.K2 

SPOT contacts, 5 Vdc coil, 56 

C15.C19.C22 

0.1 polystyrene or metal film, 


ohms, Radio Shack 275-216 


temperature stable. Radio 

SI 

SPST push button 


Shack 272-1053 

S2 

SPST 1 Ampere Iganged with 

C16,C20,C23,C25 

10, 6 V electrolytic 


R5 

C17,C21,C24,C31, 


T1,T2 

1000 ohm C.T.: 8 ohm, Radio 

C32.C34 

1,6 V electrolytic 


Shack 273-1380 


ID sequence has finished transmitting (U96 clear and 
U8C-10 low). K1 drops out on a disconnect com¬ 
mand when U9A is cleared. 

the receive window 

Timer U10 is wired as an astable multivibrator, 
operating when the patch is activated and the re¬ 
ceiver squelch is on (U10-4 high through U4C and 
U8D). When the timer output at pin 3 is high, it turns 
on the patch transmitter through Q5. The transmit/ 
receive line is also held low for transmit during the ID 
sequence via Q4and Q3. 

If the squelch is tripped during the window pro¬ 
vided by the low period of U10-3, reset pin 4 is 
brought low and turns off timer U10. The receiver 
will remain on. R30 adjusts the length of the receive 
window and R31 sets the time between windows. 
The diode on pins 3 and 5 of U10 ensures that the 
first pulse of the timer is the same length as all subse¬ 
quent pulses. 


Note that this circuit requires the transceiver to 
provide a low voltage level for receiver squelch and 
that the transmit control line should also be at a low 
voltage level. If your transceiver requires opposite 
levels, transistor inverter circuits such as 02 (low cur¬ 
rent) or Q5 (high current) may be used for the correct 
level. 

The squelch line should stay at the squelch-on 
level during transmit. This is the case for most trans¬ 
ceivers, but if your rig is different, additional squelch 
gating is required. 

time-out circuit 

The time-out circuit will shut off the autopatch if it 
is allowed to transmit continuously for about two 
minutes. Timer U11 is configured as a missing pulse 
detector; output is high during transmit. While U11-3 
remains high, the input voltage to the Schmitt trigger 
(U12) will gradually increase to three and a third volts 
through R35 and C28. U12-3 will go low when this 
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voltage is reached, turning the patch off by clearing 
U9A. 

Interrupting the pulses into U11 before two min¬ 
utes have elapsed will allow C28 to discharge rapidly 
through CR11 and U11. The time-out cycle is reset. 
This occurs each time the receiver remains un¬ 
squelched longer than the pulse width set by R34 and 
C26. That width must be longer than the receiver 
window set by R31. I chose the values of R34 and 


C26 for any reasonable window width; they should 
not require adjustment. 

You may be wondering why the time-out circuit 
appears so complex. Why not connect the inverted 
squelch directly to R35 and C28? The IC-230 and 
some other transceivers will momentarily unsquelch 
the receiver when the transmitter turns off during the 
receive window. This has the effect of periodically 
discharging C28and makes the time-out feature use- 
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less. I designed the time-out circuit to trigger from 
the window pulses generated by U10 so the circuit 
will work with all squelch configurations. 

Transmit/receive relay K2 connects the telephone 
line to the transceiver microphone input when picked 
up. K2 is energized by U11 through Q9. CR9 prevents 
K2 from being energized when the patch is idle. 

identifier 

The identifier in fig. 4 is a diode-programmable cir¬ 
cuit based on a design by K20AW.' Operation has 
been described adequately in the reference, so I will 
only cover changes to the original. 

The two TTL oscillators of the original were re¬ 
placed by 555 timers at U14 and at U3 (fig. 3), each 
wired as a minimum-component astable multivibra¬ 
tor. This eliminates start-up problems sometimes ex 
perienced with TTL R-C oscillators. R38 controls the 
ID sending rate and a value of 47K sets the maximum 
permissible rate of twenty words per minute. 

Diode programming of the ID sequence is straight¬ 
forward. Begin at pin 1 of U20 and connect diodes to 
the blank or dot lines. No diode and no pin connec¬ 
tion produces a dash. DE followed by my call sign is 
shown as an example. 

The 1N34 diodes in both schematics must remain 
germanium types for a low forward-voltage drop. 
Silicon diodes have a higher forward voltage and the 
logic zero level may be too high for proper operation. 

U3 in fig. 3 generates a 1.5 kHz square wave when 
the KEYING line is high. Increasing R8 will reduce the 
frequency. The IC-230 microphone input circuitry fil¬ 
ters out the square wave harmonics so the tone 



fig. 5. Inside view of the controller chassis. The top circuit 
board contains almost all of the circuitry of fig. 3 and 
mounts by standoffs. Second board is hidden. 


sounds like a sine wave. With a transceiver other 
than the IC-230, check if the ID is audible 15 kHz or 
more from the carrier center frequency. If audible, 
add a low-pass filter at the output of U3 or replace 
the circuit with a sine wave oscillator. 

reset circuitry and power supply 

U17 in fig. 4 generates a power-on reset for the 
entire control circuit. The manual reset is a push-but¬ 
ton mounted on the controller back panel. The initial 
state of counter U18 and all flip-flops except the 
divide-by-two circuit of U15 is reset by U17 and 
U16B. 

Power supply input is in parallel with the trans¬ 
ceiver 12 Vdc supply and the autopatch controller 
adds one-half Ampere to this source. Fuse ratings 
should be set accordingly. U13 provides regulated 
+ 5 Vdc for the TTL and timer circuitry. 

construction 

The control circuit was built on two separate plug¬ 
in boards secured with spacers. I used Radio Shack 
276-154 and 276-157 boards with 44-pin edge con¬ 
nectors (276-1551). The monitor speaker is mounted 
on the detachable bottom plate. 

The chassis front panel holds the on-off switch 
(S2), monitor volume control (R5), in-use indicator 
DS1, and power indicator DS2. 

Fig. 6 shows the chassis rear panel with regulator 
U13, manual reset push button switch SI, and the 
telephone interface terminal strip. Transmit and re¬ 
ceive audio lines are brought through the grommet 
and should be shielded cable. 

TTL devices may be 74LS types. Two 555 timers 
may be replaced by a single 556 dual timer with ap¬ 
propriate pin connection changes. All diodes except 
CR10 and CR7 must be germanium types to avoid ex¬ 
ceeding the 0.8 volt logic zero level. 

the transceiver 

Although my system uses a slightly modified 
IC-230, other transceivers should work as well if they 
can shift rapidly between transmit to receive and 
back to transmit. The rapid change is a requirement 
of the receive window. This requirement unfortu¬ 
nately excludes many synthesized-frequency units; 
the synthesizer voltage-controlled oscillator cannot 
shift transmit and receive frequencies rapidly. The 
IC-230 is frequency-synthesized but uses fixed-fre¬ 
quency oscillators for the 10.7 MHz first i-f offset. 

The IC-230 allows an acceptably-short receive win¬ 
dow with no modifications to the solid-state trans¬ 
mit/receive switch. Some autopatch controllers re¬ 
quire modification of this switch so that the receiver 
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fig. 6. Rear view of the system. The back panel of the chas¬ 
sis contains regulator U13, the manual reset push button, 
and a terminal strip for the telephone line. The speaker of 
the IC-230 is disabled by a dummy plug in the external 
speaker jack to eliminate squelch action noise. The slide 
switch added to the IC-230 is a modification not needed for 
the autopatch. 


is always on. This makes the rig unsuitable for nor¬ 
mal transceiver use: audio feedback occurs during 
transmit. 

One shortcoming of nearly every transceiver is a 
slow squelch. Fig. 7(A) shows the squelch switching 
circuit in the IC-230, similar to those in other trans¬ 
ceivers. Rectified noise enters the base of Q7 to force 
the collector low, turning off subsequent audio 
stages and quieting the speaker. Squelch action is 
slow because C18, C20, and C23 must either charge 
or discharge-each lime the squelch changes state. 
Reducing their values to those in parentheses will 
speed squelch action considerably. 

C21 is an additional low-pass filter element for 
power to the receiver audio section. Reducing its 
value will allow the receiver to turn on faster during 
the controller receive window. 

The AF module on the IC-230 chassis bottom con¬ 
tains these capacitors and may be located with the 
aid of fig. 7(B). In exchange for greater controller 
complexity, the squelch modification may be avoided 
altogether by building a separate fast-acting squelch 
within the controller. 

The remaining transceiver modification is that of 
bringing out the signals needed by the controller. 
The IC-230 accessory socket provides three of these 
in addition to ground and + 12 Vdc. The squelch 
switch is the only signal not factory-wired to the 
socket shown in fig. 7(C). ICOM does provide a con¬ 


nector pin on the AF module, as pointed out in fig. 8. 
A wire from this point will replace the existing acces¬ 
sory socket pin 1 wire and complete the controller 
interface. 

For transceivers without an accessory socket, the 
microphone input and push-to-talk connections can 
be made at the microphone connector. Occasionally 
test pins are provided for discriminator and squelch 
switch outputs. 

primary power and antenna 

It may be prudent to use a high-capacity battery in 
place of the usual line-powered dc supply. It could be 
on a constant trickle charge and would allow opera¬ 
tion during power outages. My system is powered by 
a 20 Ampere-hour Globe Gel/Cell'- and is capable of 
eight hours continuous transmit after commercial 
power failure. 

In most cases the antenna system should be omni¬ 
directional with as much gain as possible. Remember 
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fig. 7. Squelch gating circuit on the AF module in the 
IC-230 shown in A. Capacitor values in parentheses are 
changes to shorten the controller’s receive window. B 
shows the locations of components on the AF module. 

Accessory connector pin connecti 

ons for the IC-230 are 
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fig. 8. The pencil tip points to the squelch switch pin on the 


that the type and location of the antenna is extremely 
influential toward ultimate coverage area of the 
autopatch. 

control circuit alignment 

The only alignment required is the adjustment of 
nine trimmer potentiometers. R30 and R31 control 
the receive window, R2 adjusts receiver output into 
the telephone line, and R4 sets the telephone line 
level into the transmitter. R18 controls the tone de¬ 
coder input level while R15, R20, and R24 adjust the 
individual decoder center frequencies. Decoder fre¬ 
quency stability is dependent on the type of capaci¬ 
tors used for C15, C19, and C22; polystyrene or 
metal-film types are recommended. R7 sets the ID 
tone volume. 

R2 is set high enough to activate the telephone 
company's tone-dialing circuitry. R18 is then ad¬ 
justed for about 100 millivolts audio on pin 3 of each 
decoder. 

An accurate audio generator is handy for aligning 
the decoders. Lacking this, you can generate the 
proper tones by the two-button technique on your 
tone pad. Pressing both * and it produces 941 Hz, 
* and 7 gives 1209 Hz, while it and 9 will generate 
1477 Hz. 

operation 

Mobile operation is quite convenient. Transmit 
your call first, then send a tt tone. The autopatch will 
ID as soon as your carrier disappears, then send a 
dial tone (from the telephone connection) interrupted 
by the periodic receive window. Wait about a second 
after initiating your carrier to ensure the system has 
switched to receive, then send the desired telephone 
number. 


When the conversation is completed (remember 
the 10-minute limit), send a * to disconnect the 
patch. Sending a H in place of the * will initiate 
another call. In either case, the system will ID again 
when your carrier drops. Should the patch remain on 
for about two minutes with no received signals, it will 
time-out and return to standby mode. 

Both sides of a conversation may be monitored 
through the speaker at the autopatch fixed location. 
Pushing the reset button will return the system to 
standby. The transceiver may be operated normally 
by turning off the controller. 

Although the system is called a simplex autopatch, 
it will work as well on an unused repeater channel. 
This has an advantage of increased privacy since 
each side of the conversation is on a different fre¬ 
quency. 

conclusion 

The purpose of this control Circuit is to permit a 
simple, inexpensive, easy-to-construct method for 
taking advantage of the ability to make telephone 
calls from mobile or portable transceivers. The sys¬ 
tem lacks security since anyone who knows or 
guesses the simple access code can make telephone 
calls. Three general security methods have been 
used with autopatches: a complex access code, pro¬ 
viding zero and one first-digit lockout, or adding sub- 
audible encoding. 2 Anyone with a tape recorder and 
some patience can decipher a long access code, so 
this method is not very secure. 

Although requiring more gating and tone decoder 
circuitry, the zero-one lockout method may be best if 
the autopatch is to be an open system. Subaudible 
tone access will provide increased security by limiting 
patch access. 

This autopatch has been in use for several months 
and I have not experienced problems with it. If you 
have any suggestions for improving the system, 
please let me know. 
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INCREDIBLE CODE!! 

Learn (he International Morse Code 
by the patented 
"WORD METHOD" 


Just listen and learn! The "WORD METHOD" 
is based on the latest scientific and psycho¬ 
logical techniques. You can zoom past 13 
WPM in less than HALF THE USUAL TIME!! 
The kit contains two cassette tapes, over TWO 
HOURS ol unique instruction by internationally 
famed educator Russ Farnsworth. Complete 
satistaction guaranteed. 
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5002 W. McFadden - #73 
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continued from page 8 

on to oppose a no-code license. Sev¬ 
eral ARRL directors have told me pri¬ 
vately that they favor such a license 
but must oppose it because the mem¬ 
bers they represent are against it. The 
same is no doubt true of some ARRL 
staff members. 

Japan, Sweden, and England, 
among others, have had a no-code li¬ 
cense for years and the sky has not 
fallen. Seventeen other countries re¬ 
quire only code "recognition," not re¬ 
ception, for licenses. A number of 
these licensees go on to learn the 
code, upgrade their licenses, and use 
additional modes and frequencies. 

The FCC deserves the respect and 
thanks of thoughtful Amateurs for 
pursuing this issue in an effort to 
strengthen the Amateur service and 
help to ensure its usefulness and its 
future. — Stuart D. Cowan, W2LX, 
KM2XDU. 

I am astounded, amazed, and dis¬ 
mayed at your September, 1982, edi¬ 
torial position on the code-free li¬ 
cense. Your remark that the time has 
come to discard the "what's good 
enough for grandpappy is good 
enough for you" mentality is indica¬ 
tive of your complete lack of under¬ 
standing of Amateur Radio today and 
as of yesterday. 

Gentlemen, Amateur Radio is not 
simply another hobby. The creation 
of a no-code license would be con¬ 
trary to one of the fundamental tradi¬ 
tions of Amateur Radio. Whether or 
not the prospective licensee plans to 
operate his station on CW, RTTY, 
computer, or telephone is unimpor¬ 
tant. Learning the code, in the begin¬ 
ning of his interest in Amateur Radio, 
introduces him to an activity steeped 
in many traditions; and, to the re¬ 
quirement that such activity be in the 
public interest, convenience and nec¬ 
essity. The code requirement is the 
first thing that separates the licensed 
Radio Amateur from the unlicensed 
tinkerer and the CB operator, li¬ 
censed or unlicensed. 

Many of us, the writer included, 
began a professional career in com¬ 
munications via the Amateur Radio 


route. Even as a teenager we appreci¬ 
ated the importance of our earned en¬ 
try into the world of Amateur Radio. 
We became part of a highly special, 
unique group, with associations of 
tremendous importance in our 
chosen career, associations never to 
be forgotten. — Byron H. Kretzman, 
W2JTP. 

I seriously question your reasons for 
endorsing a no-code license. We 
don't need a "larger and faster grow¬ 
ing" Amateur population of the quali¬ 
ty we have already seen after the re¬ 
cent CB craze. The existing exams 
are lenient enough, not to mention 
the multiple choice CW part! To me, 
anyone who cannot pass a multiple 
choice CW "test" of 5 WPM is not 
capable or deserving of being called a 
ham. When other modes of commun¬ 
ication have failed, CW has been 
used. I would hate to hear about a sit¬ 
uation where a ham would not be 
able to respond to or initiate an emer¬ 
gency message on CW. 

The bottom line is your bottom line 
in your next to last paragraph: "Con¬ 
sider just how such a license could be 
incorporated into our Amateur struc¬ 
ture without cheapening what we've 
got." — Alan J. Blank, W1BL. 

I want to take this opportunity to 
congratulate you and Joe Schroeder 
for your joint editorial that appeared 
in the September, 1982, issue. It was 
high time that someone told it as it is. 

I also hold an Extra, have a 30 WPM 
CP, and still use my old Vibroplex — 
but, I have a computer and a fairly 
well equipped small lab, so I don't 
think I have "given up" trying to stay 
with the state-of-the-art. 

Also, I constantly argue that the 
FCC test should be slanted more 
toward R&R, operating procedures, 
etc., and only the minimum technical 
questions relating to determining if a 
transmitter is operating properly. As a 
graduate E.E., I think some of the 
questions presently used are slanted 
toward the hiring exam for an elec¬ 
tronics technician, not a ham opera¬ 
tor! — John P. Weber, Jr., K4JW. 




logic mate 


A simple, convenient 1C 
trouble-shooting aid 

The Logic Mate (LM) is an 1C trouble-shooting 
aid that combines the features of a logic monitor and 
|C tester in a single, compact unit. Inserted between 
an 1C and its circuit socket, it allows pin connection 
switching, displays pin voltages, and provides output 
loading. Power is obtained from the main circuit 
socket and ranges from 5 to 15 volts. 

The LM works with all saturating-logic families 
such asTTL, CMOS, DTL, ECL, plus many linear ICs. 
U1 pin voltage swings may not be enough with ECL 
or linear ICs, but all disconnect and forcing inputs 
operate properly. 

about the circuit 

Fig. 1 shows the schematic for one of two identi¬ 
cal boards in the LM. The plug/header pins connect 
to the circuit under test while the test socket holds 
the 1C. Pin numbers are indicated for one side of a 
sixteen-pin dual in-line package (DIP); pin numbers in 
parentheses indicate the other side. 

Two eight-pole, single-throw DIP switches are on 
the plug/header end. SI is labelled DISC and allows 
&n individual pin to be disconnected and isolated 
from the main circuit. S2 is labelled 1-0 and grounds 
the 1C pin under test for a logic 0; resistors R9 
through R16 provide a pull-up for logic 1 with any S2 
open. 

A light-emitting diode (LED) array provides dis¬ 
plays of each 1C pin under all supply voltage condi¬ 
tions. One DS8654 octal display driver is used for 


eight LEDs. Individual current limiting for each LED is 
provided by R1 through R8 and overall current regu¬ 
lation is provided by Q1, CR1, and R17. Without 
overall regulation, the LED intensity would be too low 
at 5 volts if the series resistors were selected for 15 
volt supplies. Alternately, a correct current at a 5 volt 
supply would cause too much current at 15 volts and 
LED life would be reduced. 

Individual LEDs need 8 to 12 mA for decent intensi¬ 
ty. An LED will drop a relatively constant voltage 
when conducting. A series resistor selected for 10 
mA at a 5 volt supply would cause about a 25 mA 
LED current at 15 volts. 

CR1 is cut off at a 5 volt supply but Q1 conducts 
via base current through R17 for the LED common 
cathode return. At higher supply voltages, CR1 con¬ 
ducts and the base of Q1 tracks the increase in volt¬ 
age. Emitter potential follows base potential for a 
relatively constant return, or sink current for the 
LEDs. The emitter return connection provides a low- 
impedance sink to prevent interaction between dif¬ 
ferent combinations of indicating LEDs. 

The octal display driver was designed for a com¬ 
mon-cathode display and can source up to 50 mA on 
each output. The DS8654 will operate in a 4.5 to 33 
volt supply range, conservative for this design. Sup¬ 
ply voltage is obtained from the main circuit on pin 16 
and alternate means are explained later. 

construction 

Two boards are required. You can etch your own 
or purchase a pair of etched boards with plated- 
through holes. If you etch your own, you must solder 
R9-R16 and U1 pins 1 through 9, and pin 14 on both 
sides of the board. Boards without plated-through 
holes also require through-board jumpers as indi¬ 
cated in fig. 2. 

By Paul Selwa, M9CZK, 61 East Tilden Drive, 
Brownsburg, Indiana 46112 
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Figs. 2 and 3 indicate R1 to R8 and R9 to R16 as 
single-inline packages (SIP). SIP resistor packs can 
be replaced by individual quarter-watt resistors 
mounted on end. The common connection above 
the board is made to each SIP end pad; the ninth re¬ 
sistor in each SIP pack is unused and shorted as indi¬ 
cated by the dashed lines in fig. 1. Each SIP pack 
may be mounted in either direction. 

The etch pattern and purchased boards allow for 
three types of LED arrays. The AMP array indicated in 
the parts list is in DIP form with 0.3-inch pin row 
spacing. The anode is marked with an A and a dot is 
at pin 1. The Litronix array has a 0.1-inch row spac¬ 
ing and cathodes are marked with a cross bar. Indi¬ 
vidual Dialight LEDs mount side-by-side on 0.2-inch 
spacing. All LEDs must have the anode pins adjacent 
to U1. 

Each board must be jumpered to match the plug/ 
header and test socket pin row. Jumper G must be 
installed for the board with pins 1 through 8. Ground 
is obtained from plug pin 8. The board for pins 9 to 16 
should have jumper V installed. 

Note that jumper V goes directly to S2-8. The rea¬ 
son is two-fold: you cannot accidentally ground the 
main circuit supply at pin 16, and that pin may be iso¬ 


lated if the supply is not at that pin. The occasional 
need to ground pin 16 may be accomplished with a 
clip lead. 

Probing points for the main circuit plug/header 
end are wires soldered on the foil side. I recommend 



Top view of one of two completed boards. 
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using wire-wrap pins for stiffness and this applies to 
inter-board jumpers in the final assembly. 

final assembly 

Both boards are mounted foil-side with both 
boards inside the header pin rows. I would suggest 
final assembly in the order following: First, solder 
two header pins to one board with connecting wires 
passing through the split in each pin. Take care that 
header and board connections line up. 

Second, insert four board-to-board jumper wires 
at the pads marked + and - in fig. 3 and solder 
them to the first board. Make them perpendicular to 
the board and long enough to pass through the pads 
of the second board. 

Third, place the second board so the header end is 
inside the header pins and the board-to-board jump¬ 
ers pass through the same + and - pads. Recheck 
alignment and avoid shorts between boards. Solder 
the board-to-board jumpers when satisfied. 

The final step is to solder the test socket to the 
board. Leave enough socket tail outside the board 
for probe points. Stiff board-to-board jumpers pro¬ 
vide enough support strength for both boards. Addi¬ 
tional support is gained with two more jumpers at the 
unconnected X pads. 

A socket on the plug/header will protect the pins 
between tests. Another option is a zero insertion- 
force socket for the test socket. 

operation 

The LM plug/header pin 16 should mate with main 
circuit socket pin 16 for the positive supply voltage 
(pin 14 on most 14-pin DIPs). Ground connection is 
made by closing both SI and S2 for the ground pin. 
Pin 8 is the usual ground for a 16-pin DIP, pin 7 for a 
14-pin DIP. Remaining pins are controlled by SI for 
disconnect or S2 for logic 1 or 0. 

For non-standard power and ground connections, 
a pin ground is always obtained by closing both SI 
and S2. The supply pin should have SI closed and 
S2 open with the supply voltage clipped to the + 
board-to-board jumpers. Pin 16 must have its S2 
open for a non-standard supply pin; pin 16 may have 
a main circuit driver and closing that S2 to the supply 
can destroy that part of the main circuit. Closing S2 
of any pin connected to the main circuit supply 
would yield an unscheduled test of the power supply 
current limiter! 

This description has assumed a positive voltage for 
the supply with a ground for the return. The LM will 
also work with negative voltages: consider the LM's 
+ line as the most-positive potential of the main cir¬ 
cuit and the - line of the LM as the most-negative. 
(A negative main circuit supply would require rever¬ 
sal of the V and G jumpers. — Editor's note.) 



Parts List for One Board of the Logic Mate 

CR1 

IN752A zener diode 

DS1 to DS8 

Choice of: 

(DAMPInc. 435733-7 
(DLitronixLD468 
(8) Dialight 555-3003 

Q1 

2N3638 PNP transistor 

R1 to R8 

82 ohm, 10-pin SIP resistor pack, 

Bourns 4310R-101-820 or equivalent 

R9 to R16 

6800 ohm, 10-pin SIP resistor pack, Bourns 
4310R-101-682 or equivalent 

R17 

1000 ohm, 1/4 Watt, 5 percent resistor 

S1,S2 

Eight-position DIP switch 

U1 

National Semiconductor DS8654N octal 
display driver 

Test Socket 

Aries A221 or equivalent (wire-wrap tails) 

Plug/Header Aries A103 or equivalent 


some examples of operation 

One way to isolate a suspect 1C pin is to bend it out 
of contact. This can damage the 1C connection even 
if the 1C was good before bending. A better way is to 
insert the LM and use the appropriate SI disconnect 
switch to isolate the pin. The pin is not damaged and 
the built-in pull-up resistor allows checking of open- 
collector outputs. 

The LM is a logic state monitor if all SI disconnect 
switches are closed and all S2 switches opened. The 
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• ISOLATOR (ISO-1) 3 Isolated 3-prong sockets; Spike Suppression; 

uselul lor small oltlces, laboratories, classrooms.S69.95 

• ISOLATOR (ISO-2) 2 Isolated 3-prong socket banks; (6 sockets 
total); Spike Suppression; uselul lor multiple equipment Installa- 

! tlons.$69.95 

• SUPER ISOLATOR (ISO-3) similar to ISO-1 except double Isolation & 

oversize Spike Suppression; widely used lor severe electrical noise 
situations such as factories or large olllces.$104.95 

• SUPER ISOLATOR (ISO-11) similar to ISO-2 except double Isolated 

socket banks & Oversize Spike Suppression; lor the larger system In 
severe situations.. $104.95 

• MAGNUM ISOLATOR (ISO-17) 4 Quad Isolated Sockets; Multiple 
| Spike Suppressors; For ULTRA-SENSITIVE Systems In extremely 

Harsh environments.$181.95 

■ CIRCUIT BREAKER, any modal (Add-CB) . . Add $9.00 

• REMOTE SWITCH, any model (Add-RS). Add $16.00 

I AT YOUR DEALERS MasterCard, Visa, American Express 

L ORDER TOLL FREE 1-800-225-4876 (except AK, HI. PR & Canada) i 


Electronic Specialists, Inc. 


fig. 3. Foil-etch patterns for each double-sided, copper- 
clad board. Drilled, etched, and plated-through boards 
are available from PRS Electronics. 


1C under test will operate the same as if plugged into 
the main circuit. 

The LM can be an 1C tester, isolated from the main 
circuit. Simply open all SI switches except for power 
and ground and plug the LM into any convenient 
socket. The S2 1-0 switches allow control of all 1C 
inputs. 

Linear circuits can be checked by isolating pins 
with the disconnect switches. Pull-up resistors can 
provide loads and you can connect clip leads to the 
test socket probe points. Please note that a linear 1C 
output may or may not indicate the same as a digital 
device: Voltage swing may be insufficient for the in¬ 
put of driver U1. 

where to get parts 

Etched, drilled, and plated-through circuit boards 
are available for $8.00 a pair from: 

PRS Electronics 

P. 0. Box 274 

Brownsburg, Indiana 46112. 

(Indiana residents add 4% tax.) 

The AMP LED array, Litronix LED array and the 
DS8654 are available COD from: 

Advent Electronics, Inc. 

Dept. 7 

8446 Moiler Road 

Indianapolis, Indiana 46268. 
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forget memory 


Ni-Cd memory 
myths discharged 
and facts unveiled 

Ni-Cd memory myths rank with SWR stories and 
VHF intermod misunderstandings as the most com¬ 
mon misconceptions in Amateur Radio. I've had 
hams tell me they know all Ni-Cds eventually get a 
memory problem because "it says so in the GE bat¬ 
tery book." Not true! 

The half-inch thick General Electric Ni-Cd hand¬ 
book 1 devotes only three paragraphs to the topic of 
memory effect. Two paragraphs state and restate 
that "the memory effect does not manifest itself 
when the battery is discharged to random depths of 
discharge or overcharged for random amounts of 
overcharge time as is typically the case in most appli¬ 
cations." That statement should relieve hams, not 
alarm them. 

If your Ni-Cd cell voltage falls to zero quickly when 
discharging, the problem isn't memory effect. A 
memorized cell experiences voltage drops early in its 
discharge cycle, but instead of dropping to zero, it 
goes to the usual discharge cutoff point of around 
1.0 volt. For the remainder of the discharge cycle, 
the cell still provides power but at an unacceptably 
low voltage. 

Two General Electric engineers presented a schol¬ 
arly treatise on the memory effect in the IEEE Spec¬ 
trum magazine about five years ago. 2 They told how 
the effect was discovered in satellite test programs, 
where the cells received a carefully controlled 
charge/discharge regimen at a constant temperature 
for hundreds of cycles. Even then, the effect did not 
always appear in all types of cells. They concluded 
that "though sintered plate nickel-cadmium batteries 
can remember, the conditions necessary are almost 
never encountered in practice" (emphasis added). 
Sintered plate batteries are the kind we hams use. 

So, if that isn't the problem, why didn't your last 
Ni-Cd pack last for a thousand charges? There are a 


couple of likely causes — cell reversal and sustained 
overcharge. 

Do you stop talking the minute your HT's low bat¬ 
tery indicator comes on? If you don't, you may be 
sending your pack to an early grave. Why? Not all 
cells in a Ni-Cd ppack are identical, nor do they reach 
complete discharge simultaneously. If one cell goes 
to full discharge first and you draw a medium-to- 
heavy load, the good cells attempt to charge the dis¬ 
charged cell in the reverse direction, which can dam¬ 
age it quickly, usually causing it to short. A short can 
be zapped out of a Ni-Cd, but full cell capacity is sel¬ 
dom restored. The zapped cell is likely to get reverse- 
charged again the next time the pack charge gets low. 

Don't continue to use your rig once the low battery 
warning is present, or you may kill one or more cells 
through reverse charge. Also, if you've been trying 
to prevent the memory effect by frequently discharg¬ 
ing the entire pack to zero with a single load, you can 
see that you're actually doing more harm than good.* 

Now the other problem: can you really overcharge 
a battery with that little wall charger? Sure! Next time 
you take your battery off the charger, feel the pack 
(not the charger). Isn't it warm? Try it for two or 
three days! (On second thought, don't!) When the 
battery reaches full charge, and you keep putting 
current into it, the internal chemical reaction 
changes. The current from the charger begins to 
break down the water in the cell into hydrogen and 
oxygen. Much of it recombines, but even at typical 
slow-charge rates (about 0.10, heat and pressure 
build up. When this happens, the cell's vent opens 
and it slowly dries out. If you're a typical HT user 
who uses only a fraction of the battery capacity each 
day, but charges it for 15 hours each night, you 
shouldn't be surprised if your batteries require replac¬ 
ing prematurely. 

Extended slow-charging also can produce what 
the General Electric engineers call a sustained over¬ 
charge effect. 3 It's a depression of the discharge volt¬ 
age at some point after a long overcharge, and is 
quite common. The longer the overcharge, the ear- 

By Joe Moell, K0OV, Box 20-GJ, Fullerton, 
California 92633 
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lier in the discharge cycle the step-down in voltage 
will occur. To the user it appears just like the memory 
effect described earlier, but is from a different cause. 
If your battery pack has shown symptoms of mem¬ 
ory, chances are it's because it was overcharged. 
The traditional memory cure also works for the sus¬ 
tained overcharge effect. 

What is needed is a way to stop charging the pack 
when a full charge is reached. W2GZD described 
such a slow charger in the October, 1981, QST.* 
When a specific voltage (1.43 volts per cell) is reached, 
the charger automatically cuts back to a trickle 
charge mode that doesn't cause heating.* That's 
nice for a radio that sits on a charger 24 hours a day, 
but what about the ham-on-the-go who needs a 
quick charge? A good, safe, fast-charge method was 
described in the June, 1981, QST. 5 The unit charges 
a pack fully in only a couple of hours, and has a 
meter that shows the charging progress (fig. 1). 
Even though this is a fast charger, the battery 
doesn't warm up because the current tapers down to 


‘Discharging the cells individually is recommended by some authors as a 

battery has the disease before applying the cure. Discharging cells deliber¬ 
ately in hopes of preventing memory is a complete waste of time and effort. 
This is the traditional memory cure. 

•Many hams erroneously call their little wall charger a trickle charger. Actu¬ 
ally, the wall charger performs a slow charge (about 0.10. A true trickle 
charge (0.02C or less) is used only to keep a battery charged. See Chapter 5 
of the General Electric book for more details on rates of charge. 


a slow charge value automatically as full charge is 
approached. The radio can remain in use during the 
fast charge. With a unit like this, you get the best of 
everything, fast charge, long battery life, and con¬ 
venience.* 

One final caution about your charging system — 
beware of extreme temperature environments. At 
temperatures below about + 5 degrees Celsius, over¬ 
charge quickly results in a buildup of hydrogen pres¬ 
sure which can result in cell damage. At very high 
temperatures, charging is not very efficient and cell 
temperature can rise to damaging levels during fast 
charging. In both extremes, the end point for charg¬ 
ing is no longer 1.43 volts, meaning that a taper 
charger may not properly sense full charge. For best 
results, avoid trouble by doing your charging with 
the cells at or near room temperature.. Don't leave 
your HT in a freezing car all night and charge it with¬ 
out allowing the cells to warm up first. 

Here's how to make your Ni-Cds last: 

1. Don't deliberately discharge packs to zero. 

2. Don't continue to use your HT after the low bat¬ 
tery indicator comes on. 

3. Don't use a wall charger for more than 15 hours 
per charge. 

4. Don't do a 15-hour slow charge on a battery that 
is only slightly discharged. 

5. Do monitor pack voltage when slow-charging a 
partially discharged pack. Stop charging when volt¬ 
age reaches 1.43 volts per cell, measured at room 
temperature with 0.1C charging current applied. 

6. Don't charge your pack in freezing temperatures 
or in direct sunlight. 

7. Don't continue to charge a battery if it gets warm 
during charging. Check for a shorted cell or misad- 
justed charger. 

8. Do build or buy a taper charger for fast charging 
and operating with convenience and safety. 

You won't need to worry about memory if you fol¬ 
low this advice. 
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‘Don't confuse this circuit with regulators or battery beaters, which only 
operate the rig and don't charge the battery. 
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TECHNIQUES 


Long, long ago, in a galaxy far, far 
away, or so it now seems, the World 
Administrative Radio Conference set 
aside certain new, narrow, high-fre¬ 
quency bands for use by the Amateur 
Service. Since January a year ago, 
over sixty countries have permitted 
Amateur operation in one of these 
bands, 10.1 MHz to 10.15 MHz. But 
the United States — whose Ama¬ 
teurs spearheaded the effort at 
WARC to get the new bands - has 
dragged its feet on granting permis¬ 
sion to operate in these bands. The 



reasons for the long delay make an in¬ 
teresting story, indeed. 

Finally the combined efforts of the 
ARRL and a hot letter to the FCC 
from Barry Goldwater, K7UGA, 
opened the door and las of this writ¬ 
ing in September) it looks as if the 10- 
MHz band will be opened to U.S. 
Amateurs around the first of 1983, if 
not before. And that's good news for 
1983!* 

The 10-MHz band is full of interest¬ 
ing DX when conditions are good, 
and one of the first questions raised 
by prospective 10-MHz operators 
concerns antennas for the new band, 
particularly all-band antennas that 
will cover existing bands plus the new 
ones. That means coverage of the 
160, 80, 40, 30, 20,17, 15, 12, and 10 
meter bands, now available on the 
bandswitch of many of the new 
transceivers! 

simple all-band antennas 

The first all-band antenna that 
comes to mind is the well-known cen¬ 
ter-fed long wire (fig. 1). Used with 
an open-wire transmission line and an 
antenna tuner at the station, this sim¬ 
ple antenna will work well on any fre- 


*As of 3 pm EDST, October 28, U.S. 
Amateurs were permitted use of 
10.100-10.109 and 10.115-10.150 MHz 
using A 1f F 1 modes at a maximum power 
level of 250 watts. 


quency within the range covered by 
the tuner. (The tuner is sometimes 
called a Transmatch.) The tuner is 
coupled to the station equipment via 
a coaxial line and SWR indicator. 

A second simple wire antenna that 
will cover all the Amateur high-fre¬ 
quency bands is the end-fed wire 
(fig. 2). A pi-network composed of a 
rotary inductor and two capacitors 
matches the wire antenna to a 50- 
ohm system. 

Users of the end-fed antenna know 
that under certain conditions the an¬ 
tenna will tune up well, but the shack 
will be full of rf and feedback. This 
can cause erratic operation of the 
equipment, TVI, and other unpleas¬ 
ant problems. The cause of the diffi- 
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culties is that the equipment is not at 
rf ground potential. Attaching a 
ground to the equipment usually 
doesn't help a bit, as the inductance 
of the ground wire upsets the situa¬ 
tion even more. The use of quarter- 
wavelength radial ground wires cut to 
the operating frequency will solve this 
vexing problem. The radial ground 
wire is merely a length of insulated 
wire, free at the far end. It is cut to an 
electrical quarter wave at the operat¬ 
ing frequency and affixed to the 
ground post of the equipment. The 
wire can be tossed on the floor be¬ 
hind the operating desk, 
the Australian broadband 
dipole 

One of the best all-band antennas 


in use is the so-called Australian di¬ 
pole, which I briefly mentioned in an 
article in CQ magazine, October, 
1974. After this article, the antenna 
sank into oblivion, at least in the United 
States. 

In spite of this seeming lack of in¬ 
terest, the unusual antenna has con¬ 
tinued to be used by Amateurs and 
commercial point-to-point services in 
other areas of the world. It eventually 
caught the attention of D.W. Harris 
(A22BX), the Deputy Director of 
Broadcasting (Engineering) at Radio 
Botswana in Southern Africa. 

In common with many developing 
countries, Botswana has internal 
communications difficulties. Roads 
are often poor in rural areas and the 
telecommunications networks are 


hardly developed. As a result, the 
news service of Radio Botswana is an 
important facet in passing informa¬ 
tion from remote districts to the 
capital. 

Harris decided to use high-fre¬ 
quency SSB transceivers for this pur¬ 
pose — along with broadband anten¬ 
nas — with provisions for patching 
tape recorders into the transceivers. 
(Drake TR-7 transceivers were used 
with the SL-4000, 4-kHz passband 
filter.) 

The problem of a broadband anten¬ 
na which could be easily built and in¬ 
stalled was formidable, as it had to 
provide less than a 2:1 SWR across 
the operating range. An article on the 
"Broadband Travelling Wave Dipole" 
appeared in the April, 1974, issue of 
Amateur Radio (Australia), which de¬ 
scribed an interesting antenna devel¬ 
oped for use in the Australian Out¬ 
back for the Flying Doctor radio 
service. 

Harris and his staff built several 
Australian dipoles and tried them out 
with varying success. Finally, a modi¬ 
fication of the original design pro¬ 
duced a noncritical, wideband anten¬ 
na which, with a special balun, showed 
(ess than a 2:1 SWR from below 3 
MHz to over 20 MHz. The antenna 
was useful up to 30 MHz, as shown in 
the SWR plot of fig. 3. 

the modified Australian 
dipole 

A simplified diagram of the A22BX 
version of the Australian dipole is 
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shown in fig. 4. Overall length is 
about 133 feet (40 meters). The an¬ 
tenna consists of a flat-top of three 
parallel wires, broken at intervals by 
simple loading networks placed in 
series with the wires. The feedpoint 


impedance of the antenna is about 
300 ohms. A toroid transformer 
wound on an Amidon two-inch diam¬ 
eter red core was used to make the 
impedance transformation to a 50 
ohm line (fig. 5). 


Details of antenna construction are 
shown in fig. 6. Hard-drawn copper 
wire is used for the flat-top to prevent 
stretching. The small networks are 
made of a 300-ohm, 5-watt composi¬ 
tion resistor placed in parallel with a 
small inductor. 

To hold the three wires of the an¬ 
tenna in position, yet allow easy han¬ 
dling on the ground, the networks are 
fastened to a framework that is big 
enough to attach the antenna wires 
to, as shown in the detail drawings. 
One-inch diameter PVC plastic con¬ 
duit is used for the insulators. The 
aluminum spreaders were made from 
decorative aluminum L-shaped stock 
measuring about an inch wide and 
H-inch thick, used for edging on For¬ 
mica kitchen table tops. Small, 10-32 
machine bolts, nuts, and hardware 
are used to hold the various strips and 
tubes together. 

A22BX suggests using polypropy- 



of five parallel wires, are wound on the core. Turns are interconnected as shown at 
right to provide 5/2 turns ratio (6.25/1 impedance ratio). 
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lene plastic fiber rope in the antenna 
assembly to resist the effects of ultra¬ 
violet light. A suitable substitute rope 
is UV-resistant polyester material. 

antenna installation 

The SWR curve shown for this an¬ 
tenna was measured through about 
75 feet (23 meters) of coaxial line, and 
the antenna was suspended in the air 
at about 40 feet (12 meters). As can 
be seen, the SWR was excellent up 
to 15 MHz, rising between 15 and 16 
MHz td 2.1:1, then dropping down to 
low values up to 21.5 MHz, where 
two SWR peaks at 2.2:1 appear. The 
SWR curve then gradually drops off 
to a low value at 30 MHz. Undoubt¬ 
edly the antenna is also suitable for 
operation above 30 MHz, but higher 
frequency measurements were not 
made. 

The SWR can be adjusted around 
16 and 22 MHz by varying the height 
of the antenna above ground, and for 
a permanent installation, the ends of 
the Australian dipole can be varied in 
height to smooth out the SWR curve 
by taking advantage of ground re¬ 
flection. 

the balun transformer 

The matching transformer is 
wound on an iron-powder core hav¬ 
ing an outside diameter of two inches 
(5.08 cm). Inner diameter is 114 
inches (3.18 cm).,It is made by Micro¬ 
metals Corp. and has the Amidon 
part number T-200-2. It is coded red, 
and has a permeability of ten. It is 
recommended for operation over the 
range of 1 MHz to 30 MHz. The core 
is also sold by J.W. Miller Division of 
Bell Industries as part number 
T200-2. 

To prepare the core, wrap it with a 
layer of 3M brand (or equivalent) 
glass epoxy tape to prevent arcing 
between winding and core. A single 
winding composed of five parallel 
wires is placed on the core. No. 14 
AWG Formvar-insulated (about 1- 
mm diameter) wire is used. Fourteen 
turns of the five-wire combination are 
wound on the core. The approximate 


length of wire used for each winding 
is about 5feet (1.5 meters). 

It is easier to wind the core than to 
explain how it's done. One set of wire 
ends is held in a vise and the five 
wires are smoothed out until they lie 
parallel. The parallel group of wires is 
stretched to remove kinks and then 
removed from the vise. The wires can 
be wound on the core all at once, or 
three wires can be wound on, fol¬ 
lowed by two, if that seems more 
convenient. In either case, the wind¬ 
ings should all lie together. 

When completed, continuity of 
each winding can be checked with an 
ohmmeter and the wire ends marked 
for convenience with a drop of epoxy 
paint. The last step is to interconnect 
the windings to get the proper trans¬ 
formation ratio. The windings are 
connected in series and the 300-ohm 
termination taken from the ends of 
the windings. The 50-ohm input 
points are tapped off between the 
ends of the second and third wind¬ 
ings. This provides a turns ratio of 5:2 
and an impedance transformation of 
6.25:1. 

When the transformer is completed 
it is given a coat of casting resin to 
protect it from the weather. 

The transformer is attached to the 
center insulator of the antenna and a 
coaxial receptacle (SO-239), or a 
waterproof type-N connector, affixed 
to the balun terminals, and mounted 
to the center insulator. 

When the antenna is completed, it 
should be raised in position and ad¬ 
justed to provide the lowest value of 
SWR in the most important frequen¬ 
cy regions of operation. 

Note: This antenna is based upon a 
design by Dr. R.J.F. Guertier and 
G.E. Collyer of Antenna Engineering 
Australia (Pty.), Ltd. and was de¬ 
scribed in Amateur Radio (Australia), 
April, 1974. Information on the Aus¬ 
tralian Dipole is gathered from issues 
of Amateur Radio, the monthly publi¬ 
cation of the Wireless Institute of 
Australia, Box 150, Toorak, Victoria 
3142, Australia. 

ham radio 


Announcing 


(NEW AUTOPATCHl 



PRIVATE PATCH 

Introducing Private Patch. A giant step 
forward In non-sampling Autopatch/ 
Interconnect technology, capability and 
standard features. Our revolutionary 
new techniques of audio and digital 
signal processing offer several 
advantages over conventional sampling/ 
scanning type Autopatches: 1. The 
annoyance of continuous squelch tails 
Is totally eliminated. Makes 
conversation much more natural and 
enjoyable. 2. In addition to superb 
simplex capability, operation through 
repeaters Is made possible. 3. The only 
connections made to your base 
transceiver are to microphone and 
speaker jacks. NO INTERNAL 
CONNECTIONS OR MODIFICATIONS 
NECESSARY! Use Private Patch simplex 
for local operation, through a repeater 
for extended range. CW ID makes your 
Autopatch legal, and alerts you to 
Incoming calls when ringback Is turned 
on. Channel monitor logic precludes 
ringback transmission If channel Is in 
prior use. Eliminates accidental 
interference. Five digit owner 
programmable access code and 
operator/long distance inhibit switch 
assure security and protect your phone 
bill. Positive control Is assured by 
Private Patch logic functions. A fully 
digital timing approach eliminates all 
Timing adjustments. Three/six minute 
timer shuts down Private Patch if you 
drive out of range. Resettable with reset 
code for additional talk time as 
required. Self contained AC supply. 
Modular phone jack and modular phone 
cord provided. All electronics contained 
on one high quality glass circuit card. 
Private Patch contains 42 integrated 
circuits and 16 transistors. Send for 
additional Information. Compare our 
features. (State callsign when ordering.) 

Special Factory Direct 
Introductory Price 

1 YEAR WARRANTY 
H s 489 

Postage Paid 

PHONE: (213) 540-1053 

AutoConnect 

P.O. BOX 4155 
TORRANCE, CA 90510 

DEALERSHIPS INVITED 


January 1983 Q9 69 






x : 

J it 1 

■P i 

liri 

3t* 

| r=r? the 


Jlbm 


switching circuit 

I own a Chevy Vega in which I in¬ 
stalled an ICOM IC-255A. I quickly dis¬ 
covered the tiny internal speaker, 
which was aimed at the floor of the 
car, could not compete with car and 
road noise. I couldn't afford to reinsu¬ 
late the car and the Hatchback design 
wouldn't support an external speak¬ 
er. However, there was already one 
well-placed speaker in the car — the 
one used for the built-in a-m radio. 

I could have installed a switch easily, 
but that would have generated 


automatically switch between re¬ 
ceivers? 

The IC-255A has an accessory 
socket that supplies 7 volts when the 
squelch is on. I tried using a transistor 
as a switch controlling a relay with 
my squelch voltage controlling the 
transistor. This was unsuccessful, it 
played havoc on my audio output 
from the ICOM. Dale Porray, AD7K, a 
local ham, came up with the perfect 
solution, using a voltage comparator 
circuit. The final circuit is shown in 
fig. 1. 



another problem: 2 meters in the Las 
Vegas area is not teeming with activ¬ 
ity. I only needed to use my car's 
built-in speaker when 2 meters was 
active, I needed to be alerted when 
my ICOM was receiving so I could 
switch the car's speaker from the a-m 
radio to the ICOM. Going one step 
further, why not find some way to 


The 741C monitors the difference 
between the squelch signal and the 
reference voltage obtained from the 
50K pot. It also provides good isola¬ 
tion for the ICOM squelch circuit. 
Once a signal breaks the squelch, the 
7 volts disappears and the 741C causes 
the 2N2222 to deactivate the control 
relay. The 500 ohm pot on the relay's 


hot side is adjusted to prevent the re¬ 
lay from latching up. By obtaining 12 
volts from the automobile and not the 
IC-255A accessory socket, the circuit 
activates only when the car's ignition 
is on. Since my IC-255A is wired di¬ 
rectly to the battery to supply contin- 




□I 


fig. 2. Continual voltage relays. 


ual voltage to the memory circuits 
and to provide operation when I'm 
not driving, I used the relay configu¬ 
ration shown in fig. 2. The relay I 
used is Radio Shack part # 275-206. 
The 10 ohm resistors are 2 watts. 

When the car's ignition is off, the 
IC-255A is wired directly to the car's 
speaker via the relay, and no unnec¬ 
essary battery drain is made by oper¬ 
ating the relay. When the car's igni¬ 
tion is on, I can enjoy listening to my 
car's a-m radio, knowing I will hear 
any signals coming through my IC- 
255A because my a-m radio will be 
muted. 

This circuit can also be used to 
mute one radio in favor of another. 

Construction and layout of the cir¬ 
cuits are not critical. I used perf- 
board and direct wiring. I would rec¬ 
ommend using an 1C socket for the 
741C. I got fancy when I wired the 
unit into the car: by using plugs and 
snap-on connectors, the entire unit 
can be removed and the speaker re¬ 
connected to the a-m radio in a mat¬ 
ter of minutes. 

This circuit is not unique to the IC- 
255A and can be applied to any re¬ 
ceiver where a voltage is present 
when the squelch is on. 

Fred Dahnke. WB6IQV 
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last minute forecast 

The higher frequencies (10-20 
meter bands) are expected to provide 
excellent DX openings during the 
third week of this month. Openings 
will probably build up only the first 
two weeks and fall off the last week 
of the month. The lower frequency 
bands (nighttime, 40 to 160 meters) 
will probably have very good DX 
throughout the month and enhanced 
DX the first and last week. Disturbed 
conditions may be enhancing trans- 
equatorial paths and creating east/ 
west path problems around the 5th, 
14th, 24th, and 31st of the month. 

Lunar perigee and full moon are on 
January 28 this month. There will be 
an intense but short meteor shower 
lasting a few hours some time be¬ 
tween January 2nd and 4th. It is 
known as the Quadrantid shower. 

Many of the DXers using the radio 
propagation quality formula (August, 
1982, DX Forecaster) have expressed 
an interest in how the formula came 
to be, I thought I'd pass this along: 

The North Atlantic Radio Warning 
Service (NARWS) of the National 
Bureau of Standards of the Depart¬ 
ment of Commerce provided this 
service via WWV broadcasts from 
World War II until 1978. The forecast 
was done for every six hours; that is, 
four times daily. The last two hours of 
monitoring of each six-hour period 


Garth stonehocker, koryw 

was the basis for the next six-hour 
forecast. Radio circuits crossing the 
North Atlantic were monitored and 
evaluated by the FCC, RCA, ITT, the 
Navy, the Coast Guard, the Canadian 
Broadcasting Corp., and NARWS. 
The forecast was also based on solar- 
geophysical and ionospheric condi¬ 
tions which were called and moni¬ 
tored by the NARWS. 

Statistical analysis was done to 
keep the evaluations within standard- 
deviation limits. Mr. Harris, one of 
the forecasters, noticed over the 
years that two of the useful predict¬ 
ors were the radio flux values and 
geomagnetic A or K variability in¬ 
dices. He made computerized com¬ 
parisons of flux values and variability 
indices to the observed radio quality 
monitored evaluations from 1947 (the 
start of Ottawa, Canada, 2800-MHz 
radio flux measurements). The math¬ 
ematical formulation was obtained 
from these correlations. The calcu¬ 
lated quality values from the formula 
were then compared with the ob¬ 
served quality values over the span of 
years from 1947 into the latter 1970s; 
they matched well in summer but 
toward each winter the calculated 
quality was greater than the observed. 
Therefore utilizing a modeling tech¬ 
nique, the seasonal term, 6, was de¬ 
veloped, using the day of the year 
and a cosine function to gradually 
lower the calculated number. An ear¬ 


lier version of 6 was inadvertently 
given in August. The correct formula 
is: 6 = 1.0 - 0.2625 cos 2 0.49315X. 

An attempt was made to determine 
why 9 was needed, but several ef¬ 
fects could have been involved: en¬ 
hanced sporadic-E signal strength in 
summer; lowered F2 region heights 
(therefore more hops required across 
the Atlantic) in the high latitude 
trough in winter; or higher winter ab¬ 
sorption (known as the winter ab¬ 
sorption anomaly) than the closer- 
sun higher radio flux can account for. 
These are postulations that have 
been proposed but not fully re¬ 
searched since it is very difficult to 
sort out individual geophysical mech¬ 
anisms operating in such cases. 

band-by-barid summary 

Ten meters will be open occasionally 
for F2 long skip by the trans-equato- 
rial one-long-hop propagation mode 
(TEM). The openings will follow the 
sun during the day and into late eve¬ 
ning. Geomagnetic disturbances will 
enhance this mode, as will high solar 
flux. Openings may favor southern 
Africa, South America, and Australia 
— particularly southern Africa. 

Fifteen Meters can have the same 
TEM modes as 10 meters. The open¬ 
ings should be more frequent. World¬ 
wide DX is prevalent from after sun¬ 
rise until well after sunset during the 
periods of high solar flux (listen to 
WWV at 18 minutes after the hour for 
reports on solar and geomagnetic 
conditions). A good practice when 
bands are open is to work the highest 
band that is open first, then drop 
down in frequency to catch each 
band until it closes. 

Twenty meters will be open most 
days and nearly through the night to 
some areas of the globe, with long 
skips of 1000-2500 miles and plenty of 
short-skip of 1200 miles near midday. 
Both propagation modes follow the 
sun across the sky: east, south, then 
west. This is the workhorse of the 
bands for DX as well as traffic 
handling. 
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Forty meters is the transition band in¬ 
to all-night propagation as well as 
some short skip during the day. Most 
areas of the world can be worked 
from darkness till just before sunrise. 
Hops shorten on this band to about 
2000 miles, but the number of hops 
can increase since signal absorption 
is low during the night. 

Eighty meters is traditionally a rag- 
chewer's band but much DX work is 
also possible. The band operates 
much like 40 meters except that the 
hop distances shorten to about 1500 
miles. Noise from distant thunder¬ 
storms is so low as to make these 
bands a joy to work this time of year. 
The path direction follows the dark¬ 
ness across the earth (east, south, 
then west). Just wiggle in between 
the QRM. 

One-sixty meters will be about like 80 
meters, with reduced range to 1000 
miles. It provides good DX for enthu¬ 
siastic DXers. The new band power 
and frequencies should increase 
activity here, so we'll be listening. 

ham radio 



Also available for the 
first time ever — 

(Alphabetically arranged—Sold separately) 

• Geographical Index 

by State, City and Street No. and Call 

* Name Index 

by Name and Call 


Ordering Information: 

■ Directory—$12.95 

• Geographical Index—$25.00 

• Name Index—$25.00 

Add $3.00 Shipping to all orders. 


Active Radio Amateurs need an 
affordable directory of call list¬ 
ings. No need to put off buying 
that important call directory 
Because of price. 

The Buckmaster Publishing Call 
Directory is a no frills directory 
of over 411,000 U.S. Radio Ama¬ 
teurs (as licensed by the U.S. 
Gov’t.). 8V2X11, easy to handle 
and read format. Completely 
updated. 



Buckmaster Publishing W, 

70-D Florida Hill Road I /j 

Ridgefield, CT 06877 U.S.A. K 


QUALITY VHF/UHF KITS 
AT AFFORDABLE PRICES 

Call or Write for FREE CATALOG 

(Send SI .00 or 4 IRCs for overseas mailing) 

See ourtwo page ad in 73 Magazine 


FM REPEATERS 
FM & AM RECEIVERS 
FM EXCITERS & XMTRS 
FM & SSB POWER AMPS 
RECEIVINGS'TRANSMITTING 
CONVERTERS FOR FM & SSB 
LOW-NOISE PREAMPS 
CWID’s, DOR’S, RFTIGHT CASES 
HELICAL RESONATORS 

For Repealers, Links. OSCAR, 


hamlronics, inc. 

65-X MOUL RD. • HILTON NY 14458 \ 
Phone: 716-392-9430 
Hamlronics f ' is a registered trademark 
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EME 

Scatter 

Tropo 

Satellite 

ATV 

Repeater 
FM Equipment 
Radio Telescope 




(mBS 


P220VD 220-225 

P220VDA 220225 
P220VDG 220-225 
P432VD 420-450 

P432VOA 420-450 
P432VOG 420-450 



MOBILE IGNITION SHIELDING. Estes Engineering. 930 
Marine Dr.. Pori Angeles. WA 98362 

RTTY-EXCLUSIVELY for the Amateur Teleprinter, One 
year S7.00. Beginners RTTY Handbook S8.00 includes 
Journal Index. PO Box RY. Cardlll. CA 92007 

Titus (KA4QVK) Box 242. Blacksburg. VA 2406Q 9 (703) 


WANTED: Buy or swap Model 20 paper winders (LPW 

write Va P n P W2DLT a In NJ^OOW 1 Mlfou tsfd^ N JBOO- 
526-3662. Box 217. Berkeley His.. NJ 07922. 

MANUALS for most ham gear made 1937/1970. Send 
SI.00 for 18 page “Manual List".postpaid.HI-MANUALS. 
Box R802. Council Blulfs. Iowa 51502. 

SATELLITE TELEVISION - Howard/Coleman boards to 

Robert Coleman. Rt. 3, Box 58-A HR, Travelers Resl. SC 
29690. 

WANTED: Schemalics-Rlder. Sams or other early publi¬ 
cations. Scaramella, P.O. Box 1. Woonsocket. Rl 
02895-0001. 



Advanced 

Receiver 

Research 


Box 1242 • Burlington CT 06013 • 203 582*9409 



EB 


RUBBER STAMPS: 3 lines S3.25 PPD, Send check or MO 
toG.L. Pierce, 5521 Birkdate Way, San Diego. CA 92117 


WANTED: New or used MS and coaxial connectors, syn¬ 
chros. lubes, components, military surplus equipment. 
Bill Wiliams, PO #7057. Norlolk. VA 23509. 



CB TO 10 METER PROFESSIONALS: Your r.g or buy 
ours — AM/FM/SSB/CW, Certified Communications. 
4138 So. Ferris. Fremont. Michigan 49412: (616) 
924-4561. 

HAMS FOR CHRIST ~ Reach olher Hams with a Gospel 
Traci sure lo please. Clyde Slanlield. WA6HEG. 1570 N. 
Albright. Upland. CAS 1786 

KT5B Mulll-Band dipole 160-80M (WARC) $59.95, 2KW 
plus center connector W/S0239 S8.50. Kilo-Tec. P.O Box 
1001. Oak View. CA 93022. (805) 646-9645 

MOTOROLA ALL SOLID-STATE MOTRAN RADIOS. 
Model X43LSN-2170. four frequency, transmit 150 MC 

modification required. Large stock available $150.00 
each. Omni Communications. Call (312) 852-0738. 
MOTOROLA VHF (2 meters) U43 Motran. 4 channel all 
solid stale. Omni Communications. Call (312)852-0738 


Coming Events 

ACTIVITIES 

“Places to go...” 
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MICHIGAN: The Southfield High School Amateur Radio 
Club's 18th annual Swap & Shop, January 30, Southfield 
High School. 24675 Lahser, Soulhlield, 8 AM to 3 PM. Ad¬ 
mission $2.50. Reserved tables $18.00 in advance lor two 

and to support the activities of Soulhlield HS Amateur 
Radio Club. For inlormation/reservations: Robert Younk- 
er. Southfield High School. 24675 Lahser. Soulhlield, Ml 


VIRGINIA: Richmond Frostiest ‘83 The annual winter 
Ham Radio and Computer Show will be held Sunday. 
January 16 at the State Fairgrounds, Richmond. General 


OPERATING EVENTS 

“Things to do...” 

FEBRUARY 5: New Hampshire OSO Parly sponsored by 


Your own satellite 
TV system for $2388 
10 FT. PARABOLIC 

What the system will do: 

You can receive up to 60 channels of T.V. dircc 
satellites to your home receiver. Movies, sporting c 
religious programs, other T.V. stations, and much 
What the system includes: 

1. 10 ft. fiberglass dish made of reflective metal 
with fiberglass. Weather-resistant and virtually ma 
anee-free. Dish comes in 4 sections. 

2. Single pedestal heavy duty polar mount for 
strength and installation simplicity; easy satellite 


5. Drake KSR-24 Receiver or Auto-Tech Rei 
Your choice. Down converter located at the dish. 

6. Amplica or Avantek LNA 120°. 

7. Channarel Feed Horn for unsurnassed uualir 


Antennas, LNA s & Accessories 

CALL US TODAY! 901-795-4504 


TENNESSEE ELECTRONICS 

-P.O. BOX 181108 - 

MEMPHIS. TENNESSEE 38118 



‘SMART” SQUELCH FOR SSB 



Delects human voice but 
ignores noise, steady tones 
and Russian woodpecker 
Works lor voice signals below 
t noise level 
Ideal lor nel activities 
Audio operaled — no 
receiver modification 
Connects between audio 
output and speaker 
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surge protection and 
master control 

Alpha Delta Communications has 
introduced the new Master AC Con¬ 
trol Console (MACC) which features 
power surge protection and central¬ 
ized control of several components. 
The MACC unit plugs into a single 
outlet, providing eight plug-in 
grounded outlets of its own — one 
hot, for a continuously powered ap¬ 
plication such as a clock and seven 
for individually controllable compo¬ 
nents. 

The front panel has rocker switches 
for the individually controllable com¬ 
ponents, plus a master control rocker 
which allows the entire system to be 
turned on or off. Rockers are lit 
when on. 



Alpha Delta's MACC uses three- 
stage automatically restorable circuit¬ 
ry to clip off power spikes and surges, 
and has a manually resettable circuit 
breaker for further protection. MACC 
is tested to IEEE pulse standards and 
rated at 15 amperes, 125 Vac, 60 Hz, 
1875 watts continuous-duty total for 
the console. 

MACC is priced at $79.95. For 
more information, contact Alpha 
Delta Communications, P.O. Box 
571, Centerville, Ohio 45459. 


X-Panda-Five 

The X-Panda-Five makes your 
Hustler (or equivalent) into a five- 
band mobile antenna, with the appro¬ 
priate coils added. When the X-Panda 
is installed with the proper resona¬ 
tors, you can change bands without 
stopping your vehicle. Each resona¬ 
tor, tuned to the desired frequency, 
eliminates the need for an antenna 
tuner. 

Also, the X-Panda-Five adapter 
added to the Hustler or Hy-Gain an¬ 
tenna with the appropriate resonators 
and added ground planes will make 
an ideal antenna system for apart¬ 
ment houses and condominiums. It 
can also be used to make a multi¬ 
band antenna system for vans, camp¬ 
ers, motor homes, and travel trailers. 

The X-Panda-Five will accept either 
regular or super-size resonators. For 
further information, contact JL In¬ 
dustries, P.O. Box 030413, Ft. Lau¬ 
derdale, Florida 33303. 


new TS830, TS930, R820 
filter kit 

Fox Tango Corporation announces 
a special high-quality matched-filter 
kit designed to significantly improve 
the selectivity of the Kenwood R820, 
TS830, and the new TS930 series. 
The Fox Tango filters (both 8-pole 
discrete crystal units instead of the 
original monolithic and ceramic 
types) each have a bandwidth of 2.1 
kHz (net bandwidth of 1.99 kHz); a 
combined shape factor of 1.19; and 
an ultimate rejection greater than 110 
dB. VBT may be used to narrow the 
operating i-f bandwidth to reduce 
QRM, (narrower bandwidths, usually 
given at - 6 dB, help reduce adjacent 
channel interference) but the steep¬ 
ness of the filter skirts or shape factor 
(- 60 dB BW divided by - 6 dB BW) 
and their depth (ultimate rejection) 
are more important. If VBT is used to 
reduce the bandwidth to 1.99 kHz (to 
equal that of the FT filters without 
VBT), the shape factor of the original 
filters becomes 1.45 as compared 


with 1.19 — and the ultimate rejec¬ 
tion is less than 80 dB as compared 
with more than 110 dB — both signif¬ 
icant differences. 



Regardless of the type of filters, 
the use of VBT in these receivers al¬ 
ways reduces the shape factor. With 
VBT off, the characteristic curves of 
the two filters essentially coincide 
with one another, referred to as filter 
cascading. The combined shape fac¬ 
tor is usually better than that of either 
of the two filters involved. When VBT 
is used, one filter characteristic is 
made to slide with respect to the 
other, and only the portion where 
they overlap represents the bandpass 
area. The cascading effect is lost and 
the resulting characteristic has the 
skirt of the first filter on one side and 
that of the second on the other. 

Also, because of the rounded 
shoulders of the original filter charac¬ 
teristics, the overlap at narrower 
bandwidths has the effect of increas¬ 
ing the filter insertion loss: 5 dB ver¬ 
sus 0 dB with FT filters at 500 Hz 
bandwidth; 10 dB versus 1 dB with 
FT filters at 300 Hz. The greater such 
losses, the lower the receiver sensitiv¬ 
ity in the CW mode. The superior 
characteristics of the FT filters results 
in excellent performance in both the 
SSB and CW modes practically elimi¬ 
nating the need for the purchase of 
optional CW filters by all but the most 
serious CW operators. 

There are significant advantages in 
not buying any CW filters. In addition 
to saving the cost of the CW filters, 
installation is simplified since the FT 
matched pair can be inserted directly 
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into the holes provided for the CW fil¬ 
ters. With this arrangment, the fol¬ 
lowing operating options become 
possible: (1) FT filters for both RX 
and TX; (2) FT for RX, original Ken¬ 
wood for TX; (3) FT for RX, switch- 
select FT or Kenwood for TX; (4) 
Switch-select FT or Kenwood for RX/ 
TX. If CW filters have been (or are to 
be) used, the recommended arrange¬ 
ment is to replace the original SSB fil¬ 
ters with the FT 2.1 matched pair. In 
this case only option 1 is possible. 
This installation is easy, no drilling or 
switching is required, and all parts are 
provided in the kit. 

The matched pair filter kit, com¬ 
plete with detailed instructions, two 
2.1 kHz Fox-Tango filters (guaran¬ 
teed for one year), and all needed 
cables and parts is offered at an intro¬ 
ductory price of $150 plus $3 for ship¬ 
ping ($5 for air). Send your order, 
specifying the rig with which the fil¬ 
ters are to be used, to Fox Tango 
Corporation, P.O. Box 15944, W. 
Palm Beach, Florida 33406, or order 
by telephone: 305-683-9587. 


450-MHz handheld 

A second cousin to the popular IC- 
2/3A series, the IC-4AT provides 
coverage of the 440-MHz band. It is 
identical in appearance, size and 
operational features to the popular 
IC-2A/3A series. All accessories, in¬ 
cluding battery packs, chargers, mi¬ 
crophone, etc., are completely com¬ 
patible with the IC-2AT and IC-3AT 
series. The IC-4AT also includes a six¬ 
teen-button Touchtone 4 ' pad. 

The IC-4A covers the 440-MHz 
band from 440.0 MHz to 449,995 
MHz and is set up for both duplex 
and simplex operation. The power 
output is nominally 1.5 watts with the 
standard IC-BP3. The IC-4A system 
will come complete with IC-BP3 Ni- 
Cd battery pack, wall charger, belt 
clip, rubber duckie, and wrist strap. 
The IC-4A costs $269 and the IC-4AT 
is $299. 



For more information, contact 
ICOM America, Inc., 2112 116th Ave. 
N.E., Bellevue, Washington 98004; 
telephone 206-454-8155. 


universal 

programmable filter 

Applied Invention has introduced 
Reticon R5620, a universal program¬ 
mable active filter. The R5620 is a 
complex NMOS switched capacitor 
active filter (SCF) analog 1C. It uses 
switched capacitor technology to 
synthesize a two-pole pair active filter 
that requires no external components 
and operates over the range of 0.05 
Hz to 25 kHz. The five basic filter 
types — lowpass, highpass, band¬ 
pass, band reject, and all pass — can 
be used as well as a programmable 
sine-wave oscillator. The Q is set to 
one of thirty-two approximately loga¬ 
rithmically spaced values from 0.57 to 
150 by five control pins (hard-wired or 
TTL/MOS logic levels). Center fre¬ 
quency is set by an external clock os¬ 
cillator. The clock division ratio can 
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PB RADIO 

1950 E. Park Row Arlington, Texas 76010 

★ SPECIALIZING IN: ★ 

MDS Receivers & UHF Decoders 


MDS COMPLETE COMMERCIAL UNIT.$169.95 

MDS SLOTTED ARRAY ANTENNA KIT.$25.00 

MDS DOWN CONVERTER KIT.$28.50 

MDS COMPLETE POWER SUPPLY.$35.00 

‘SPECIAL NE64535 TRANSISTORS.$6.50 

, UHF DECODERS: FV 3 INSTRUCTIONS.$5.00 

FV 3 BOARD $30.00 FV 3 1C CHIP KIT $50.00 

ZENITH 9-151-03 TUNER.$79.95 

BOX $19.95 DELUXE BOX $24.95 

POWER SUPPLY KIT.$24.95 

EDGE CONNECTORS.$2.95 


SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DEXCEL 
RECEIVERS, LNA'S & CHAPARRAL POLOROTORS. SEND $1.00 
FOR MORE INFORMATION. 

INFORMATION CALL 817-460-7071 i=n 

ORDERS ONLY CALL 800-433-5169 i-s—l H 


Finally ...A 12 

voir panel that 
zeill charge ALL 
your 12 and 9 vo, 
batteries for unde 
S50.00 ' 

4.37 Watt 

Photovoltaic Batter 
Charger 
$49.95 

Maximum output 17.5 v. 
Amperage 250 mA 

Size 5’A" X 10” 

• Space quality silicon cells 

• Annodized aluminum frame 

• Silicone encapsulation 

• One plug, universal cord 

• Blocking diode 

INTERNATIONAL SOLAR 
PRODUCTS CORPORATION 
1105 W. Chapel Hill St. 

Durham, N.C. 27701 
(919) 489-6224 



NEW! NEW! NEW! 


RADIO ELECTRONICS 
BUYERS GUIDE 


A Guide To 

Radio and Electronic Parts 
Sold By 

Retail Mail Order 



R-4C»SHERW00D's;; 

STLLJHEFNEST COMBINATION 




Sherwood Engineering Inc. 

1268 South Ogden St. 

« Denver, Colo. 80210 

(303) 722-2257 ammm 



be varied from 50 to 200 (two oc¬ 
taves) in logarithmic steps. 

Switched capacitor filters are sim¬ 
ply standard analog filters with fixed 
resistors replaced by time division va¬ 
riable-switched capacitors. This re¬ 
sults in a highly stable filter which can 
be accurately tuned with only a vari¬ 
able clock source. The programmabil¬ 
ity of the SCF makes it very attractive 
for microcomputer-controlled synthe¬ 
sizers and other analog/digital sys¬ 
tem applications. Small quantity price 
of the Reticon R5620 is $8.00, with an 
application package available for an 
additional $2.00. Contact Applied In¬ 
vention, RD2, Route 21, Hillsdale, 
New York 12520; telephone 518- 
325-3911. 


new PC handbook 

A new 40-page Printed Circuit 
Handbook and Accessories Catalog 
from GC Electronics, a division of 
Household International, features 
step-by-step instructions and dia¬ 
grams and explains in careful detail 
how to produce professional-quality 
printed circuit designs. 

This latest handbook is an enlarged 
and more complete version of the 
company's previous edition. It in¬ 
cludes a variety of helpful information 
on how to produce both single and 
double sided printed circuit boards as 
well as PC specifications and trouble 
shooting tips. In addition, it pictures 
and describes more than 125 GC 
products. 

Copies of the new PC Handbook 
(Cat. No. 22-100-HB) are now avail- 
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able through GC Electronics’ distribu¬ 
tors nationwide. For more informa¬ 
tion, contact GC Electronics, 400 S. 
Wyman, Rockford, Illinois 61101; 
telephone 815-968-9661. 


UMAR PUTS 




LUNAR'S LINEARIZED AMPS AND PREAMPS SUBSTANTIALLY 
IMPROVE THE OUTPUT POWER OF YOUR MOBILE AND FIXED 
STATIONS PLUS IMPROVE BASIC RECEIVER SENSITIVITY. 

• Amplifiers have pre-amps built 
into a single package. 

• Being Linearized, they ac¬ 
cept all modes: SSB. AM, 

FM. etc. 

• Will function with lower than 
rated drive. Eg.: Lunar 30 W 
amp can be used with 5 watt 

2775 Kurtz St,Suite 11, San Dlogo, CA 92110-3171 • (619) 299-9740 • Tala* 181747 



handheld in emergencies. 

jir L#M4R 
electronics 

Write lor complete literature. 


simplex/duplex 
autopatch model 

Current Development Corporation 
announces the Novax II Mobile Con¬ 
nection for interfacing radios to 
DTMF (TouchTone) and rotary dial 
telephones. In addition to the stan¬ 
dard features of Novax I, the Novax II 
offers a four-digit access code; LED 
display; toll restrict; repeater use; and 
interfaces to rotary dial systems (for 
rotary dial telephones). Both units 
use a high speed switching technique 
that eliminates voice-activated switch¬ 
ing problems. 



For more information contact Cur¬ 
rent Development Corporation, Box 
162, Tudman Road, Westmoreland, 
New York 13490; telephone 315- 
829-2785. 


450TR0N ANTENNAS 

THE BEST THINGS 

come in little packages... 


FOR 80-40-20-15 METERS 



I SOT RON 80 ISOTRON 40 I SOT RON 20 

54 IHH1GH 31 IN. HIGH I? IN.HIGH 


BIG ON PERFORMANCE 
SMALL ON SPACE 
I2g) *BILALCOMPANY gg3 

(303)687-3219 

STAR ROUTE 2 EUCHA, OK 74342 
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The Battlefield 

It's 0600 hours UCT. Most sensible people on this side of the Atlantic have turned in for the night. Europe 
is waking up to a new day. The place is 75 meters and we are greeted with a mixture of howls that sound 
like the sound track from a horror movie. Upon closer examination human voices become recognizable, 
along with radioteleprinter signals, several unmodulated carriers, and the ever-present and pervasive 

noise. 

During a brief lull in the hostilities, a crisp, British-accented voice is heard, announcing that he is listen¬ 
ing for any stateside station, preferably Midwest or West Coast. His 10 over 9 signal attracts quite a bit of 
attention and the melee begins. As if the entire FCC roster were being called, one-by-twos, one-by-threes, 
and two-by-ones line up, each in their own turn, to shout their calls in the hope of attracting the British 
station. 

A second pause, and a confirmation by the G station is heard. How delightful! His signal is strong, the 
band is wide open, and the noise level is down. But what's this? A 30 dB over S9 carrier sweeps back and 
forth, the work of a disgruntled Amateur who feels that he must get even — and, for most listening, he's 
accomplished his task. For them, he's turned what might best have been described as merely a headache- 
producing operating experience into one that sends the blood pressure up and poisons the bile. Others, 
however, accept it as inevitable, switch to their Beverage antenna, narrow their passband, and insert 
rejection. For those few, communications technology has moved on and they're riding with it. 

Six years have passed since I left the East Coast. How simple it all seemed then. A trap vertical, four 
quarter-wave radials, and 25 kHz of band on which to meet our overseas partners leisurely and on an equal 
footing. The exceptionally well-equipped station had a pair of phased verticals, twenty radials under each, 
and maybe even a Beverage antenna for listening. Today, during non -contest periods, even that station 
will not necessarily produce a response on the first call. More and more we hear of the four-square (four 
phased verticals in a square configuration) with radial systems measured in miles not feet, 1200-foot rhom- 
bics on a leg, and three-element Yagis, most fixed, some rotary. 

So what's the complaint? This is progress, isn't it? Perhaps it's the fact that this all occurs on 3799 ± 
0.000 ... 1 kHz; as if some magical gentleman's agreement has been made by the unseen multitudes. * 

We must love this band. What other word could describe the rush of emotion while working DX, could 
explain the reason we put up with operating conditions that would make the military C 3 (Command, Con¬ 
trol, and Communication) people wince, the sore muscles, the strained wallet, and lost sleep? 

Is it possible — not in a world far, far away but right here, on the dial between 3777 (remember LSB) and 
3800 -- to improve our act, show a little more patience, cut back on the processing, and listen a little 
more? If not, I suppose I'll have to put in an order for 20,000 more feet of radial wire, 500 feet of six-inch 
irrigation tubing, solid-state commutating for my Beverage farm. 

Might the hostilities, if not cease, perhaps slacken? 

Rich Rosen, K2RR/1 
technical editor 


*SSB DXers from Europe, Africa, Asia, the U.S., and elsewhere have gravitated toward 3799 for 
several reasons. It's there that one finds the greatest commonality of nationally regulated Amateur fre¬ 
quencies and the least interference from worldwide commercial broadcast stations. Japanese Ama¬ 
teurs, for example, can operate only between 3793 and 3802, and Australians between 3794 and 3800, 
while Europeans and many others can go no higher than 3800 kHz. With strong commercial and mili¬ 
tary broadcasts from Regions 1 and 3 below 3795, and with three daily domestic nets in Region 2 also 
operating below 3795, 3797-3799 has become the 75-meter DXers' common ground. 

But what about the Extra Class Amateurs who don't want to chase DX and yet who operate in the 
"window"? They of course have every legal right to use it. If only they would bear in mind that there is 
a difference of. up to 70 dB in signal level between their signals and those of the DX stations! That's 
quite a bit of filtering, directive antenna gain, and rejection that's needed to even come dose to equal¬ 
izing. Also, communicators are supposed to use the minimum necessary power to establish and main¬ 
tain contact. Rarely is a kilowatt needed to communicate across town. By using a 10-dB-step power 
attenuator Ifrom 0 dBm to + 60 dBm in six steps), contact with several hams over 500 miles away has 
been accomplished at the 70-milliwaff level on 3795. If most Amateurs followed this rule (minimum 
necessary power) we might be pleasantly surprised by how much nicer 75 meters would sound. 
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comments 


filters 

Dear HR. 

The FCC Rules and Regulations of 
January, 1979, Part 97, Amateur 
Service, state that the second har¬ 
monic from an Amateur transmitter 
must be down from the fundamental 
by 40 dB. The responsibility to com¬ 
ply falls directly upon the Radio Ama¬ 
teur. But few have the equipment to 
make this measurement accurately, 
and even the inspectors who recently 
cited a local Amateur had to first ob¬ 
tain the equipment to make the meas¬ 
urement. 

One might assume that an AB-1 or 
AB-2 amplifier is operating linearly if 
it is not being over-driven and the 
bias is set right. One might assume 
that the lowpass filter will take care of 
the problem - it's easy to forget that 
it cuts off at 30 MHz, and that your 
station might be measured at 7 MHz. 

The best solution for the Amateur 
is to use a band cut-off filter as de¬ 
scribed by GE Ham News, June, 
1957, Vol. 12 No. 2. The mica capaci¬ 
tors, however, are located in the form 
of an inductance, which throws the 
cut-off frequency off. If you use the 
small ceramic type, any high power 
will make popcorn out of them. The 
only capacitors I have found to be 
satisfactory are the Ceramic TVL 
Centralab, but they are expensive. 
They cost $10.00, and you need four 
per band. 

Amateurs do not realize that the 
FCC is not talking about TVI; they are 
talking about the second harmonic 


output from the 160-80-40-20 meter 
bands. No one seems to care and the 
regulation is being ignored — except 
when an Amateur is cited and finds 
that he has to get a letter of certifica¬ 
tion from someone saying that his rig 
is OK. That's a service and shipping 
cost of several hundred dollars. All I 
can say to those who do not have a 
filter is, good luck! 

Ed Marriner, W6XM 
La Jolla, California 


autodialer 

Dear HR: 

A source for drilled and plated 
printed-circuit boards for my August, 
1982, ham radio article, "A Portable 
Touch-Tone Autodialer," is now 
available. Dynaclad Industries, P.0 
Box 296, Meadow Lands, Pennsylva¬ 
nia 15347, will make them available at 
$8.00 per board plus $1.50 shipping. 

Alan Lefkow, K2MWU 
Thiells, New York 


ultimate tone 
information 

Dear HR: 

In regard to my article, "The Ulti¬ 
mate Tone Decoder," in the Septem¬ 
ber, 1982, issue of ham radio, please 
note that our chips were purchased 
from Seiger Associates, 1885 Hicks 
Road, Rolling Meadows, Illinois 
60008. Also note that the capacitors 
connected to pin 2 and pin 11 of the 
8865 chip are 20 picofarad capacitors. 

E.M. Dean, WD9EIA 
Machesney Park, Illinois 


Q signals 

Dear HR: 

I don't know where the idea that 
the Q signals are only for CW got 
started, but I've seen it many times, 
as in the N4AGS letter in the April 
issue. The facts follow: 

Q signals are a part of the Interna¬ 
tional Radio Regulations, a multi-par- 
tate treaty signed by the U.S.A. They 
are set forth in Appendix 13 (1968 edi¬ 
tion). Section I, paragraph 1, speci¬ 
fies that the signals QRA to QUZ are 
for the use of all services. (QAA to 
QNZ are for the aeronautical service 
and QOA to QQZ are for the maritime 
services.) 

A useful exercise is to look up the 
meaning of QRJ, QSU, and QUE. 
Note also the phrase, in Appendix 
13A, Section I, paragraph 3: "in 
radiotelephony spoken as CHARLIE 
or NO." And further, in Section II: 
"When used in radio-telegraphy a bar 
over the letters composing a signal 
denotes that the letters are to be sent 
as one signal," as in AS, wait. 

With respect to the use of a pho¬ 
netic alphabet, the Radio Regula¬ 
tions, Appendix 16, paragraph 1, 
specifies that the Alfa, Bravo . . . 
phonetics shall be used when neces¬ 
sary to spell out call signs, service ab¬ 
breviations and words. Amateur reg¬ 
ulations are at variance with this, 
however, in that paragraph 97.84(g) 
only "encourages the use of a nation¬ 
ally or internationally recognized 
standard phonetic alphabet." 

There are important practical rea¬ 
sons behind the International Regula¬ 
tions. The Q code is the same in all 
languages. Consequently, a real QSO 
can be completed without the partici¬ 
pants knowing a word of each other's 
language. It's easy on phone, too — 
the International alphabet words 
were selected to be easy to pro¬ 
nounce and hear in most languages. 

I have called on the ARRL to work 
to correct the current misuse which is 
so common (see the correspondence 
column, August, 1981, QST, page61). 

R.P. Haviland, W4MB 
Daytona Baach. Florida 
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A "NO-CODE' 1 AMATEUR LICENSE is almost certain to be proposed by the FCC early this 
year, very likely by the time this Presstop sees print. The alternatives still seem to 
be either dropping the code requirement from the current Technician license or adopting 
a new ''digital" class license, such as is offered in Canada. 

Within The FCC The Modified Technician License probably has the strongest support, as 
it would cost the least and require little staff effort to implement. It's also the course 
most vehemently opposed in the Amateur community, since it would not only permit individuals 
with no CW capability at all to become Amateurs but would also give them access to the HF 
bands. It is possible that some form of CW capability could still be required before a 
"no-code" tech could legally operate on an HF band, for example a "certification" by a Gen¬ 
eral Class or higher Amateur that the individual can send and receive Morse code. 






a low-noise preamplifier 

for 2304 MHz 


0.8-dB noise figure 
and 16-dB gain 
in a home-buiit 
microwave amplifier 

Even though commercial equipment is not avail¬ 
able for the 2300-2450 MHz band, weak-signal opera¬ 
tion at 2304 MHz is undergoing great growth: The 
W2SZ/1 contest station worked only four other sta¬ 
tions in four sections (including one station in eastern 
Pennsylvania, over 250 miles away) on this band in 
the June, 1981, VHF contest; in the June, 1982, VHF 
contest, eleven stations in eight sections were worked 
(including two stations in eastern Pennsylvania). Ad¬ 
ditional stations were known to be available, but 
were not worked because of a transmitter high-volt¬ 
age relay problem. 

The first requirement for a 2304-MHz station is a 
receiving converter. Many designs exist.' If low- 
noise preamplification and proper filtering are used in 
front of a subsequent mixer, then even a simple 3-dB 
hybrid-coupler mixer, 2 etched on a G-10 printed cir¬ 
cuit board and using low-cost Schottky diodes (such 
as the HP 5082-2810), is adequate. Fig. 1 shows a 
block diagram of a receiving converter, along with 
stage noise figures and gain/loss values. The 27 dB 
of gain in front of the mixer is more than adequate to 
overcome the 8-10 dB noise figure of the mixer. The 
bandpass filter 3 is used to reject noise and image sig¬ 
nals at the mixer image frequency, aiding the rela¬ 
tively broadband preamplifiers. The i-f amplifier 4 may 
or may not be necessary, depending on the sensitivi¬ 
ty and noise figure of the receiver at the selected i-f. 


Because all these requirements have been previously 
discussed in other articles, 5 as have been the formu¬ 
las necessary to obtain the overall converter gain 
(about 40 dB) and noise figure (approximately 1.0 
dB), this article concentrates on the low-noise GaAs 
fet first-stage amplifier. The rf amplifier used in the 
second stage is a well-known microstrip design 6 using 
a bipolar NE64535 transistor (which costs about $7). 

The device selected for the LIMA is a Mitsubishi 
MGF-1402 GaAs fet, presently priced at about $15. 
The LNA circuit is shown in fig. 2. On the basis of 
past experience, I selected a v section to impedance- 
match the device output to a 50-ohm load. The 
length and width of output inductor L2 are deter¬ 
mined by the required inductance and the height of 
the supporting portion of the it network tuning ca¬ 
pacitors C3 and C4. The best information available, 
at the time, indicated that the optimum noise impe¬ 
dance to be presented to the gate of the device is be¬ 
tween about 85 + j60 ohms and about 110 + j90 
ohms. The input circuit was designed to provide an 
acceptable range of impedances, around these de¬ 
sired values, to accommodate variations between 
devices. Source self-bias is used; effective series-res¬ 
onant chip bypass capacitors (C s ) are an absolute ne¬ 
cessity. Fortunately, a set of five chip capacitors are 
available, at a reasonable price, from the same 
source 7 that supplies the GaAs fet device. These chip 
capacitors, the variable capacitors, and the device it¬ 
self are all relatively Small. Use of sharp-pointed 
tweezers is advisable for careful handling of these 
parts. While only four chip capacitors are needed, 
the fifth chip capacitor is insurance, as the little beas- 
ties are easily destroyed or lost. I did all soldering 

By Geoff Krauss, WA2GFP, 16 Riviera Drive, 
Latham, New York 12110 
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with a 23-watt pencil line, while observing special 
grounding techniques for handling the device. 

construction 

The LNA is built from the output forward. Refer to 
fig. 3. A base of copper-clad printed circuit board is 
cut to a width of about 1-1/2 inches (40 mm) and a 
length in excess of 3 inches (80 mm). End plate 1 is 
formed from a piece of double-sided printed circuit 
board, cut to a width of 1-1/2 inches and a height of 
1 inch. Only the outside copper cladding of the end 
piece 1 is initially soldered to the base piece. A hole is 
now formed in the end piece 1 to pass the threaded 
portion of a gold-flashed, square-flange SMA con¬ 
nector, J2. The hole is positioned so that the edge of 
the connector's flange rests on the surface of the 
base, inside the angle formed by the base and end 
piece 1, when the threaded portion extends through 
the end piece hole. The gold flashing on the connec¬ 
tor readily accepts solder, allowing the flange to be 
soldered to the end plate and base plate along all four 
edges with a minimum of heat. The pin of the con¬ 
nector lies along the center line of the base — almost 
all of the components are mounted along the center 
line. The rest of the inner angle between the end 
piece and the base is soldered after J2 is installed. 

The output tuning capacitors C3 and C4 are 
mounted next. First, form the C4 lead nearest to the 
tuning screw to extend over the output connector J2 



center pin. A chip capacitor, C5, is placed between 
the pin and the lead at a later time. When the lead is 
formed and properly placed, solder the base of tun¬ 
ing capacitor C4 to the copper foil of the base. Use of 
a silver-bearing, low-temperature solder and appro¬ 
priate flux is highly recommended for soldering all 
components, and is a must for chip capacitor solder¬ 
ing. The small circular formations about the screw 
end of capacitors C3 and C4 provide buttresses upon 
which output inductance L2 is later mounted. There¬ 
fore, solder capacitor C3 in place along the center 
line, at a distance from capacitor C4 such that it can 
receive the strip inductor, and with the C3 lead point¬ 
ing along the center line and away from the inductor 
position. 

After C3 and C4 are mounted, solder inductor L2 
between the variable capacitors. This soldering to 
the capacitors should be carefully done, and prefer¬ 
ably from the underside of the inductor, to prevent 
solder from flowing into the tuning screw mechanism 
of the capacitors. Be aware that, if different capaci¬ 
tors are used for C3 and C4 with different buttress 
heights above the copper groundplane of the base, 
the width of inductor L2 may have to be adjusted to 
compensate. 

Next, form the X support from a piece of copper 
plate or foil, as shown in fig. 5. Mount the two 
source lead chip capacitors (C s ) on the top of the 
support, with their inner surfaces about 1/8 inch (3 
mm) apart. The height of the X support is such that 
the top of the chip capacitors is approximately in a 
plane with the leads of capacitors C2 and C3, when 
the support is soldered to the copper base covering. 
When the support has been properly formed and 
placed, solder the lower tabs A to the base. 

Now move the input shunt capacitor, C2, into 
place, with its lead extending along the center line 
toward the output connector; trim the lead to extend 
along a line between the two chip capacitors on sup¬ 
port X. The distance, D, between the center line of 
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the chip capacitors and the center lines of each of ca¬ 
pacitors C2 and C3 should be between about 3/16 of 
an inch (4.5 mm) and 1/4 inch (6.5 mm). Solder the 
base of capacitor C2 in place. Now solder the base of 
capacitor Cl to the center pin of the input SMA con¬ 
nector J1, and form the lead from the other end of 
Cl over the shortest possible distance to the top of 
capacitor C2. Place connector J1 and capacitor Cl 
along the center line and tack the connector flange to 
the base. 

At this point, make up another end plate with a 
hole to pass the threaded end of J1. Place end plate 2 
over J1, solder the outside foil of end plate 2 to the 
base, and then solder the four flanges of connector 
J1 to the inner foil of the end plate and the base. 
Now solder the top lead from capacitor Cl to the top 
of capacitor C2. Form the input inductor, LI, as 
shown in fig. 6 and solder from the top of capacitor 
C2 to the base foil. 

The output chip capacitor, C5, is now soldered be¬ 
tween the C4 lead and the output connector center 
pin. This is most easily accomplished by pre-tinning 
the center pin and soldering one end of chip capaci¬ 
tor C5 to that pin, before pressing the C4 capacitor 
lead down onto the other end of chip capacitor C5 
for soldering. Add choke RFC 1, the ferrite bead, and 


the chip bypass capacitance C6 (having one end sol¬ 
dered to the base plate). 

A printed-circuit-board piece is now added to each 
side of the base after forming a hole in one side for 
the feed-through capacitance, FT. After the sides 
have been added, solder in capacitor FT and RF 
choke RFC 2 between the feed-through and chip C6 
capacitors. Solder the 270-ohm, 1/8-watt resistor R1 
between ground and the free end of one of the 
source chip capacitors, C s . Mount variable resistor 
R3 and then connect the 56-ohm R2 to the free end 
of the remaining source chip capacitor. The drain 
supply network of C7-C10, R4-R6, U1, and the 
1N914 diode, can be mounted outside the LNA box 
(either on the surface or in a separate box section), 
but with no connection between U1 and R5. Only de¬ 
vice Q remains to be mounted. While carefully hold¬ 
ing one of the source leads with a grounded tweezer, 
use a low-wattage, grounded soldering iron to solder 
each of the source leads to the associated chip ca¬ 
pacitor. The full length of the source lead is allowed 
to remain, as it serves as a convenient connection 
point for measuring bias voltages. Carefully cut the 
drain and gate leads to size and solder to the leads of 
capacitors C3 and C2, respectively. Construction is 
now complete. 

tune-up 

Adjust resistors R3 and R5 for maximum resis¬ 
tance. Apply a voltage, between 8 and 15 volts, to 
the power input and check for 5 volts at the output of 
integrated circuit regulator U1. After checking, con¬ 
nect the regulator output to variable resistor R5. 
Connect a voltmeter from ground to one of the 
source leads and, after again applying power, note a 
positive voltage of between 0.5 and 1.3 volts. Apply 
a relatively weak (less than - 30 dBm) signal to input 
connector J1 and monitor the output signal at con¬ 
nector J2. Adjust resistor R3 for maximum gain, 
while adjusting resistor R5 to keep the drain source 
voltage (measured between a source lead and the 
top of chip capacitor C6) between 2.5 to 3.0 volts. 
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Now adjust capacitors Cl through C4 for maxi¬ 
mum gain. Adjustment of drain current (with resistor 
R3) and drain voltage (with resistor R5) can be touched 
up for maximum gain. Using this maximum gain tun¬ 
ing procedure, a gain of about 20 dB with a noise fig¬ 
ure of less than 2 dB is obtained. For minimum noise 
figure (measured to be about 0.8 dB, with an associ¬ 
ated gain of about 16 dB), a noise source or weak- 
signal tuning method must be used. Do not change 
the tuning of output capacitors C3 or C4, but tune 
only input capacitors Cl and C2 for minimum noise 
figure or best weak-signal-to-noise ratio. 

conclusion 

A low-noise, high-gain amplifier for the 2304-MHz 
band can be built with a noise figure of under 1 dB 
for a cost less than $50 (dependent upon the state of 
your junk box). Outstanding reception is therefore 
possible on the 13 cm band. 

See you there, next contest? 
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(Two great 
ways to get 
Q5 copy 

Ask: 

G4HUW KB5DN WA4FNP WD5DMP 
KJ2E K61MV WD4BKY WD8QHD 
K4XG K8MKH WD4CCI WB9NOV 
KA4CFF KB0TM WD4CCZ WD9DYR 
KA5DXY W4YPL W5GA1 
444D SSB/FM 
Base-Station Microphone 
Shure's most widely used base- 
station microphone is a ham 
favorite because it really helps 
you get through... with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOX/NORMAL switch 
and continuous- 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you’re after 
more Q5's. you 
should check 
it out. 




526T Series II 
SUPER PUNCH' 
Microphone 
Truly a microphone 
and a half! Variable out¬ 
put that lets you adjust the 
level to match the system. 
The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 
mobile-NBFM unit into 
[ an indoor base station! 
Super for SSB 
operation, too. These 
and many other 
features make the 
526T Series II a 
must-try unit. 
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CB to 10 fm 

one group’s approach 


An ingenious conversion 
that will quickly put you 
on the air on 10 meters 

Recent articles in the ham journals, 12 - 3 regarding 
the conversion of CB rigs and circuit boards to IO¬ 
meter fm have caused quite a stir of activity. Here in 
the Toronto area, 10 fm is growing daily. 

Our group decided to get on 10 fm by going the 
surplus route. Circuit boards made by the Japanese 
Cybernet company for Hy-Gain and several other 
manufacturers seemed to offer the best promise. 
They are essentially complete transceivers except for 
the addition of volume and squelch controls, micro¬ 
phone, speaker, channel selector switch, and hous¬ 
ing. Several boards and forty channel switches were 
purchased from a surplus outlet, 4 crystals were or¬ 
dered, and construction commenced. VE3FIT was 
fortunate enough to pick up a used forty-channel Hy- 
Gain CB rig for $10. This unit became the test bed. 


initial set-up 

First, make a visit to your public library and take a 
look at a copy of Sams Photofact #148. This book 
covers several of the Hy-Gain CB rigs that use the 
Cybernet PC board. Wire the controls and connec¬ 
tions mentioned above as per the Sam's schematics. 
At this point it is probably best to leave off features 
such as RIT and ANL and concentrate on getting the 
basic rig operational on the CB channels. 

Locate 1C 101, the phase lock loop (PLL) chip. The 
leads from the channel connect to 1C 101, but for 
now we'll just hard-wire them. Make sure that pins 8, 
9, and 10 are joined, floating free of any compo¬ 
nents. Likewise for pin 7. Pick up + 5 volts from pin 1 
of 1C 101 and temporarily jumper it to pins 7 and 14 of 
1C 101. Don't worry about the other input pins of the 
PLL chip. They have on-board pull-down resistors. 
This will program the rig to an output of 27.305 MHz 
(CB channel 30). 

Go through the transmitter section, peaking each 
coil in turn. A General Cement Electronics alignment 

By Ian MacFarquhar, VE3AQN, and Ken 
Grant, VE3FIT, 46 Merryfield Drive, Scarbor¬ 
ough, Ontario, Canada M1P 1J9 
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tool kit (#18-530) is all you need. Use a #47 pilot lamp 
as a dummy load. If things are out of alignment, a 
general coverage receiver with an antenna close to 
the CB rig will provide an excellent output indicator. 
Simply tweak for maximum S-meter indication on 
the receiver. 

The Cybernet receiver section is essentially pre¬ 
aligned. You may, however, wish to peak T104 and 
T105 in the rf amplifier stage. Use a signal generator 
as a signal source, or peak on a local CB conversa¬ 
tion. Besides setting up the receiver, this will remind 
you of why you're glad to be a ham. 

Once you are satisfied that the transceiver is oper¬ 
ational, it's time to begin the conversion to Amateur 
use. 

transmitter modifications 

Remove crystal X101 (11.806 MHz) and replace it 
with a unit specified at 12.571666 MHz, HC18/U 
holder and 30 pF load capacitance. Notice the 6s at 
the end of the frequency. Leaving them off could ul¬ 
timately put you as much as 2 kHz off frequency. 

With the crystal now changed, power up the board 
and listen for the transmitter output on your main 
station receiver at 29.6 MHz, the center frequency of 
fm activity. Adjust T101 until the voltage at TP8 
reads +2.1 volts. Peak Till, L104, T102, T103, 
L106, L109, and L110 for maximum output as shown 
on the lamp dummy load. 

Once it had been "tweaked and peaked," our rig 
put out enough power to light a #47 lamp dummy 
load to about half brilliance. But prior to conversion, 
while still on CB, it had been very bright indeed! Ob¬ 
viously something was amiss. 

The rig had originally been equipped with a pi-sec¬ 
tion lowpass filter composed of C604, C605, (330 pF 
each), and L600 (0.18 pH). Unfortunately, this com¬ 
bination cuts off somewhat below the fm operating 


table 1. Scope readings. 

test point waveform (*| 

Q101 base 0.10 

collector 0.35 

Q105 emitter 1.20 „ 

Q108 base 0.10 

collector 0.20 

Q109 emitter 1,00 

QUO collector 1.00 

Q111 base 0.20 

collector 4.00 

Q112 base 1.90 

collector 8.50 

Q113 base 2.00 

collector 17.0 

ant. connector across 50ohms 26.0 

(loaded down by probe) 


table 2. Crystal oscillator test points. 

oscillator frequency test point 

10.24 MHz pin 3, 1C 101 

12.571666 MHz (X3 = 37.715 MHz) emitter Q105 

10.695 MHz emitter Q109 

frequencies. When the pi net was removed and re¬ 
placed with a piece of wire and a good outboard low- 
pass filter, output increased noticeably but was still 
far short of the original level. The original three-com¬ 
ponent design just doesn't have enough harmonic at¬ 
tenuation to justify reworking it for 10 meters. 

Next, C603 was reduced from 220 pF to 200 pF and 
L109 and L110 were readjusted for maximum output. 
This helped a bit. 

Luckily, enough voltage measurements had been 
taken at various points in the transmitter stage (while 
still on CB) to enable us to determine where we were 
losing out. These readings are given in table 1. 
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fig. 2. PC board making use of diode switching. 



For maximum output, L106's slug had to be com¬ 
pletely removed from its windings: that is, it was at 
minimum inductance and wouldn't go any lower. Re¬ 
moving a turn or two from LI06 was impracticable 
because of the way the coil is built. To solve this 
problem, we simply broke one of the circuit paths 
from L106 and added a 270 pF capacitor in series. 
This change permits LI 06 to properly match Q112 
and Q113. Setting LI06 was now possible. We were 
getting closer. 

Ultimately, the trouble was traced to the base of 
Q110, where the VCO and offset oscillator signals are 
mixed. The offset oscillator output level hadn't 
changed, and so it vyas assumed that, for whatever 
reason, the VCO level had changed. Changing Cl36 
from 150 pF to 82 pF restored full drive to Q110 and 
to the rest of the transmitter chain. A full 5 watts of 
power was now available at the transmitter output. 
By the way, the output power is very sensitive to 
supply voltage. We normally run the rigs with 13.5 
volts, 

crystals 

On our boards the crystals were all presented with 


too high a load capacitance. That is, Cl 18, C127, and 
C178 were all 56-pF ceramic disks. A check of the os¬ 
cillator output frequencies (at the points shown in 
table 2) confirmed that all crystals were oscillating 
slightly low in frequency. Changing the capacitors to 
33 pF brought all the oscillators very close to the cor 
rect frequencies. If you can install trimmer capaci¬ 
tors, so much the better. 

The mixing scheme used on the Cybernet boards is 
shown in block diagram form in fig. 1. Note that the 
rig is shown receiving and transmitting on 29.6 MHz 
simplex. The receiver's local oscillator signal is 
10.695 MHz above the transmit frequency. In the re¬ 
peater mode (input 100 kHz below repeater output), 
the receiver LO frequency stays the same but the 
transmitter frequency is now mixed down another 
100 kHz. 

Our group is contemplating repeater operation, so 
a PC board was designed to provide diode switching 
of X102 between 10.695 MHz (simplex) and 10.795 
MHz (repeater). This board is shown in figs. 2, 3, 
and 4. Diode switching was used because of the long 
distance between X102 and the nearest point on the 
front panel (about 5 inches). In the testbed rig, the 
ANL switch was used to provide the simplex/re¬ 
peater selection. 

This circuit board is installed vertically in the holes 




fig. 5. The fm demodulator board. 
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fig. 7. Fm demodulator board. 


provided for X102 and secured with a drop of epoxy. 
Remove C127 and jumper its PC board holes. The 
lead coming from the common point of the two crys¬ 
tals, point C, can be jumpered to either terminal A or 
B. If A is .the hot lead, ground B. If B is hot, ground 
A. This allows you to mount the board with the com¬ 
ponents facing inward, where you can adjust them. 
One of the subtle differences between the Hy-Gain 
and Cybernet boards is the placing of X102 and 
C127. 

fm demodulator 

The fm demodulator board shown in figs. 5, 6, 
and 7 is extremely compact and has been designed 
for operation at 455 kHz. A solder lug is soldered to 
the ground plane. This solder lug is then secured to 
the Cybernet board with a 4-40 (M3) screw and nut 
through the uppermost mounting hole in the audio 
amplifier's 1C heatsink. Be sure to use shielded cable 
or Subminax (RG174/U) to feed the demod board 
from the base of Q119. Believe us, it's necessary! 
The bottom of the volume control is grounded and 
the wiper goes to pin 21 on the Cybernet board. 


The i-f transformer appears to be a common Japa¬ 
nese transistor radio item. Ours measures about 0.4 
x 0.4 inch (10 x 10 mm) and has a yellow core. It 
cost 50 cents at a local surplus store. The primary in¬ 
ductance is variable between 500 and 900 ^H, and it 
resonates with an extremely tiny 180-pF tubular ca¬ 
pacitor contained within the base of the i-f can. Ini¬ 
tially, set the core about two turns from the maxi¬ 
mum counter-clockwise rotation. Tune in a fairly 
weak signal (off the air or from a signal generator) 
and adjust the core for maximum undistorted audio 
output. This point is also coincident with maximum 
a-m rejection. 

The CA3065 chip 5 contains an extremely sensitive 
i-f amplifier-limiter (200^V for limiting), a differential 
peak detector (demodulator), and an audio output 
buffer. It will deliver over 4 voits peak to peak of 
clean audio. The demod section is shown in fig. 8. 
This circuit has also been referred to as a time delay 
differentiator. 6 What happens is that, at resonance, 
the tuned circuit impedance becomes purely resis¬ 
tive. This is shown in fig. 8 as R. For our i-f trans¬ 
former, R turned out to be about 70 kilohms. R and 
Cp must provide a phase shift of approximately - 90 
degrees. The required value of Cp at 455 kHz is about 
100 pF. The output of the demod board goes to the 
top of the volume control. 

fm modulator 

To convert the rig to fm is fairly simple. The a-m 




F<! 


fig. 9. Freque 

Hr*"" 

ncy modulator. 
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modulation transformer T110 and RV102 are dis¬ 
carded. The B+ is restored to the final amplifier by 
joining points 18 and 20 on the Cybernet board. The 
output of the audio amplifier, 1C 102, is routed from 
the positive side of C204 through R194 to the hot side 
of the speaker. The cold side of the speaker is 
grounded during receive through one of the contacts 
of the PTT switch. 

During transmit, the amplified microphone audio is 
available at the cold side (now floating) of the 
speaker. The circuit shown in fig. 9 taps off part of 
this audio and applies it to the VCO control voltage at 
TP8, thus frequency modulating the signal. Setting 
the rig's deviation is done by monitoring the trans¬ 
mitter output on the general coverage receiver (a-m 
mode) using slope detection. Adjust the deviation 
control until clean audio is heard. On-the-air com¬ 
ments have been positive. If a deviation meter is 
available for this adjustment, so much the better. 

forty-channel switch 

If you were fortunate enough to obtain the forty- 
channel switch made for the Cybernet board you can 
use it directly. This switch is 1-1/2 x 1-1/2 x 5/8 
inches thick (37 x 37 x 15 mm) and has a small 
printed circuit board on top. It's manufactured by 
Standard Grigsby. You may wish to reprogram the 
switch to another band plan, as will be described 
later. There is a very similar switch, also made by 
Standard Grigsby but without the PC board on top. 
This switch is meant for use with a circuit completely 
different from ours, and is almost useless to us. It 
also happens to be the switch we had purchased 
with our boards at three dollars a shot and were ab¬ 
solutely determined to use. Fortunately it can be 
modified to our specifications. 

The switch is a marvel of mechanical design. It 
consists of two sections, a front-mounted detent 
mechanism and a rear-mounted printed circuit 
switch (see fig. 10). The sections are held together 
by two metal retainer pieces which are inserted from 
the rear. To remove them, slightly crimp the two 
metal tabs on the front of each retainer. Then, using 
a pair of pliers, pull the retainers out from the rear. 
The two sections will now separate. 

The printed circuit section is held together by a 


table 3. Wiring directions. 


switch pin # 1C 101 pin I 

1 15 

2 14 

9 13 

3 12 


4 8,9,10 

7 7 

5,6 1 




fig. 10. Forty-channel switch. 


bead of fairly soft epoxy, which also secures the ter¬ 
minals. Chip away at the epoxy (watch those ter¬ 
minals!) until you can separate the two halves. This 
will expose the removable printed circuit switch disk. 
This disk provides the coding to the PLL via ten fin¬ 
ger contacts riding on the PC traces. The board etch¬ 
ing dictates which fingers make contact with the 
common line (giving a digital "1"). This disk will be 
replaced with one custom-encoded to our needs, as 
discussed in the next section. Reassemble the sec¬ 
tions and check for smoothness of operation. 

For the sake of convention we have numbered the 
switch terminals from 1 to 9, left to right, when view¬ 
ing the switch assembly from the front. Wire these 
terminals to the appropriate points on the Cybernet 
board as per table 3. 

The switch provides the PLL chip with a seven-bit 
word representing the division ratio necessary to 
place the transceiver on the desired frequency. The 
switch is directly connected to the PLL inputs to con¬ 
trol the division factor. Table 4 gives this informa¬ 
tion. In the example shown, illustrating the mixing 
scheme (fig. 1), the channel selector switch provides 
the correct code to the PLL for division by 248. 

Fig. 11 illustrates the internal finger contact ar¬ 
rangement of the switch. Note that each adjacent 
connection makes contact with every other switch 
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table 4. Division ra 


7483921 
0100100 
0100101 
0100110 
0100111 
0101000 
0101001 
0101010 
0101011 
0101100 
0101101 
0101110 
0101111 
0110000 
0110001 
0110010 
0110011 
0110100 
0110101 
0110110 
0110111 
0111000 
0111001 
0111010 
0111011 
0111100 
0111101 
0111110 
0111111 
1000000 
1000001 
1000010 
1000011 
1000100 
1000101 
1000110 
1000111 
1001000 
1001001 
1001010 
1001011 


29.300 

29.310 

29.320 

29.330 

29.340 

29.350 

29.360 

29.370 

29.380 

29.390 

29.400 

29.410 

29.420 

29.430 

29.440 

29.450 

29.460 

29.470 

29.480 

29.490 

29.500 

29.510 

29.520 

29.530 

29.540 

29.550 

29.560 

29.570 

29.580 

29.590 

29.600 

29.610 

29.620 

29.630 

29.640 

29.650 

29.660 

29.670 

29.680 



"track" of the PC board with a total of ten fingers. In 
the switch used, finger 10 had no external connec¬ 
tion; that track was employed to make electrical con¬ 
nection to the outside track. The dashed lines show 
the effective position of the second set of fingers, 
180 degrees from their true electrical position. It 
should be evident that, while encoding any particular 
division factor, it is necessary to alternate between 
the left and right side of the disk to assemble a digital 
word. This is a result of the interleaving contact ar¬ 
rangement used in these switches. 

fm band plan 

When considering how to "channelize" these 
boards, we tried for as rational an approach as pos¬ 
sible. Initially we considered the original CB channel 
scheme. The channels are nominally spaced at 10 
kHz, but there are several 20-kHz gaps, notably be¬ 
tween channels 7 and 8, 11 and 12, 15 and 16, and 19 
and 20. There was also a 30-kHz gap between chan¬ 
nels 22 and 23. These gaps are presumably there to 
protect established users in the old pre-CB 11-meter 
band. When channels 24 through 40 were added, 24 
and 25 were used to fill the gap between 22 and 23. 
The rest remained the same. Confusing, eh? 

Since the switch used a printed circuit disk, it 
seemed possible to reprogram the switch to channel¬ 
ize our rigs as we desired. Thus we could eliminate 
the oddball frequency shifts one would experience 
when using a standard CB switch. The possibilities 
seemed endless, and numerous evenings were spent 
trying to establish a plan that seemed logical. 

Since one cannot transmit fm on 29.7 MHz with¬ 
out having one's sidebands spilling out of the band, 
the top channel would have to be 29.69 MHz (chan¬ 
nel 40). This fact seems to have been overlooked in 
the band schemes we have seen to date. If your rig 
can operate on 29.7 MHz, we recommend you not 
use that channel. 

The first disk produced did not permit operation on 
the frequencies between 29.4 and 29.5 MHz. This 
was done to prevent interference to OSCAR Mode A 
downlink signals. This scheme made possible nine¬ 
teen channels above 29.5 and twenty-one channels 
below 29.4 MHz. But 29.5 MHz, for some unknown 
(and apparently quite foolish) reason, is used as a 
calling channel. Transmitting on this frequency could 
cause severe interference to satellite beacon signals. 
We suggest a different channel be used as a calling 
frequency. Any suggestions? 

Information available to us when the band plan 
was being worked out indicated that the present 
OSCAR 8 satellite was to be the last with a Mode A 
downlink. Since OSCAR 8 was then over three years 
old, it was reasonable to assume that three years 
hence it would be out of service. On that basis we fi- 
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nally decided on forty continuous, 10-kHz-spaced 
channels between 29.30 and 29.69 MHz. We simply 
would not use the channels in the satellite band until 
Mode A was no longer in use. 

Then, long after the switches were designed and 
made, along came the new Russian satellites that not 
only use 29.4 to 29.5 MHz but frequencies between 
29.3 and 29.4 MHz as well. Coordination began to 
seem impossible. All we can suggest is that prudence 
regarding use of transmitting frequencies be ex¬ 
ercised. 

Fig. 12 shows a 1:1 positive of our disk PC layout. 
The artwork should be 1.32 inches (33.5 mm) in di¬ 
ameter. It will be necessary to make a negative mask 
from this artwork. Be very precise when producing 
your disk, as the switch tracks are only 0.05 inch 
(1.25 mm) apart. Use 1/16-inch thick, 35-mm diam¬ 
eter, glass epoxy PC board and, if possible, tin plate 
the copper. The hole for the switch shaft can be 
made with a small file, using the original disk as a 
template. 

in summary 

These modifications and suggestions have all 
worked out quite nicely and helped several fellow 
hams get on the air sooner than might otherwise 
have been the case. See you on 10 fm! 

acknowledgment 

The idea of reprogramming the channel selector 
switch was proposed and developed by Ian Camp¬ 
bell, VE3IEO, to whom much credit is due. 


Bob Heii, K9EID, ’Experience 10 Meter FM Operation/’ Q 


(617)263-2145 
If SPECTRUM 

International, inc. 

H Post Office Box 1084 
Wicord, MA 01742, U.S.A. 


22 SB February 1983 









design notes on a 

panoramic adaptor/ 
spectrum analyzer 


Double-conversion 
superheterodyne 
with a 55-dB skirt filter, 
doubly balanced mixers, 
and a log detector 

Human beings cannot see the radio signals that 
are everywhere around them. Hams spend much of 
their time listening to this or that signal, but their 
receivers let them hear only one at a time. Wouldn't a 
new dimension open up if you had a way of seeing 
those signals your radio wasn't tuned to — if you 
could see all the signals over a whole band of fre¬ 
quencies, rather than listen to just one of them? 


A panoramic adaptor — a spectrum analyzer for 
engineers — can be built quite reasonably as a most 
useful accessory for the shack. Once connected to 
your receiver, the panoramic adaptor will give you rf 
vision. 

A panoramic adaptor or spectrum analyzer will dis¬ 
play the frequencies and magnitudes of all signals 
within some bandwidth (generally much wider than 
the bandwidth of your receiver) on an oscilloscope 
screen. For example, if your receiver is tuned to 
14.200 MHz and the panoramic adaptor is set to scan 
plus or minus 50 kHz of your center-tuned frequency, 
all signals on 20 meters from 14.150 to 14.250 MHz 
will appear on the scope display. If someone on 

By Rick Ferranti, WA6NCX/1, P.O. Box 350, 
MIT Branch P.O., Cambridge, Massachusetts 
02139 
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14.175 MHz gets on the air, his signal will suddenly 
appear as a pip on the screen, 25 kHz away ('A the 
screen width), with a height proportional to the 
strength of his signal. 



A view of the panadaptor. The white box is the actual unit 
with the display scope below; its power supply is on the 
right. A commercial general coverage receive-converter sits 
on top of the analyzer, with its power supply also at the 
right. 


By adjusting the sweep-width for a plus or minus 
10 kHz display, you can easily see dead spots on the 
band and plop your signal there for a schedule or CQ. 
Narrowing the sweep even further, you can analyze 
the modulation characteristics of the station you're 
receiving — such as upper or lower sideband, DSB, 
or a-m, fm, or even the shift or spacing between 
tones of an RTTY signal. For instance, a station run¬ 
ning SSB with carrier injected - and telling his 
friends he's on a-m — can easily be distinguished 
from the full double-sideband a-m signals! 

You can also see splattering, or readily identify the 
kilowatt station who's desensing your receiver's 
front end - he's the one up the band 30 kHz with the 
pip height almost off screen! You can get classical 
modulation patterns of a-m and fm signals, showing 
sidebands and odd order products. If you're a utility 
station listener (someone who likes to snoop on non- 
Amateur and non-broadcast high-frequency commu¬ 
nications. like the strategic air command, coast 
guard, search and rescue, etc.), you can tune your 
receiver to an active band of frequencies, with the 
panoramic adaptor set for wideband scan, and zoom 
in on fleeting signals as soon as they pop up on the 
display. I've found dozens of hidden high-frequency 
signals normally missed when you're limited to the 


2.1 kHz window of the basic receiver. With a VHF 
converter ahead of your high-frequency rig, the 
adaptor similariy lets you see and tune to those sig¬ 
nals you'd usually miss if your receiver were just sit¬ 
ting at 50.110 MHz or 144.200 MHz. 

history 

The history of the panoramic adaptor, or spectrum 
analyzer, goes back to the 1930s and possibly earlier, 
when one could read in the Proceedings of the IRE 
(precursor to the IEEE) about various equipment 
designed to plot, on a crt or on paper, a magnitude 
versus frequency graph of the signals applied to its 
input. One such Fourier Analyzer (as they were 
sometimes called) had a motor-driven variable oscil¬ 
lator which slowly swept back and forth across its 
frequency range as the operator watched the output 
plot on the screen of a long persistence cathode ray 
tube. Earlier models of spectrum analysis machines 
were actually mechanical devices devised to break a 
complex waveform into its Fourier (sine and cosine) 
components. They were full of gears and wheels. 
Some photos show them being operated by a hand 
crank. 

Fortunately, modern-day spectrum analyzers don't 
need motors or even hand cranks, if you don't count 
an occasional knob-tweak as a cranking operation. In 
fact, the panoramic adaptor/spectrum analyzer to be 
described has some of the nicesl modern devices at 
its heart: double-balanced mixers, wideband power 
amplifiers, a varicap diode-tuned oscillator, and an 1C 
logarithmic detector. 

basics of spectrum analysis 

A spectrum analyzer is basically a narrowband fil¬ 
ter swept through a band of frequencies with the re¬ 
sultant output plotted versus the frequencies you just 
swept through. Imagine that you had a tunable band¬ 
pass filter, and you tuned it, slowly, through the 20- 
meter band. As you proceeded up the band, the fil¬ 
ter's output would increase every time you tuned 
through a signal, and then drop down when you 
went through an unoccupied part of the band. Now 
imagine that you hooked the output to the vertical 
plates of an oscilloscope, and, at the same time, you 
had the horizontal plates of the scope connected to 
the tuning knob of the filter, so that as you went up 
in frequency you'd move the spot from left to right. 
Now you've got a magnitude versus frequency dis¬ 
play of 20 meters — a panoramic adaptor. 

There are problems with this simple model. First, 
we want to be able to separate nearby stations, so 
the filter has to be very narrow. And it must be tun¬ 
able, which makes it technologically almost impos¬ 
sible to build. Further, you would need a very high- 


February 1983 ESS 27 








frequency scope to register the filter's output at 14 
MHz; these are expensive, so we need to rectify the 
output and apply this dc signal to an inexpensive 
low-frequency scope. Finally, you don't want to sit 
and turn knobs all day to use the panadaptor; some 
kind of sweep generator is needed to do the work for 
you. 


.. the spectrum analyzer 
shouldn’t interfere 
with the receiver. 

This may seem 
obvious ...” 


The solution is to build a superheterodyne spec¬ 
trum analyzer, where we keep the filter fixed at some 
i-f frequency and, using a mixer, sweep the signals of 
interest through it with a scanning local oscillator. In 
fact, the model to be described is a double-conver¬ 
sion superhet, but that doesn't change the opera¬ 
tional principle. As far as a detector or rectifier goes, 
an 1C takes care of that in a single stage, with an ex¬ 
cellent added feature to boot. The sweep generator 
is also fabricated from an 1C, which drives a voltage- 
controlled local oscillator, nicely freeing the operator 
from strained wrists. 

design goals 

Getting down to the actual design goals of a mod¬ 
ern panoramic adaptor: first, the device should have 
good dynamic range, displaying signals just above 
the noise floor of your receiver to those that nearly 
knock the S-meter off its pin. This makes a logarith¬ 
mic detector a necessity, for it compresses a very 
wide linear voltage range (the 0.1 to 1000+ micro¬ 
volts at your receiver's input) to a log scale that is 
easily viewed on one vertical scale on the oscillo¬ 
scope. In addition, the analyzer itself should have 
wide dynamic range — not be susceptible to signal 
overloads. This design incorporates passive double- 
balanced mixers with fairly high-level injection and 
intercept points so these weak-links in the superhet 
circuit are practically overload-proof. 

Next, the panoramic adaptor should have good 
resolution, the ability to separate signals from one 
another in a crowded band. This design incorporates 
a very narrow single crystal filter which is easy to 
build and which gives at least 55 dB skirts, and is in¬ 
expensive. Several options are available to those 


who want even better performance. 

The adaptor should also have variable sweep width 
and rate, and some means to control its gain. It 
shouldn't respond to signals outside its bandwidth, 
and should give a linear frequency sweep out to 
about plus or minus 100 kHz. The display shouldn't 
cost a fortune; here the adaptor will work with any 
old clunk of an oscilloscope, as long as it has de¬ 
coupled vertical and horizontal inputs. The scope's 
own sweep generator isn't even used; I bought my 3- 
inch display for $20 at a flea market and removed the 
sweep circuit tubes to save on heat generation. Verti¬ 
cal and horizontal amplifier frequency response is 
also unimportant — the adaptor essentially puts out 
dc. 

Finally, the spectrum analyzer should not interfere 
with the receiver it's connected to. This may seem 
like an obvious requirement, but if you're interested 
in receiving signals from dc to 30 MHz, you don't 
want any local oscillator (LO) energy in that band of 
frequencies — any amount of LO leakage would be 
picked up by your receiver. 

This panoramic adaptor was designed to work 
with the author's aging FT-101B which has a general 
coverage receive converter ahead of it. A simple 
modification of the LO and filtering will make this de¬ 
sign work with any rig; all other components are 
broadbanded. 

the circuit 

The block diagram (fig. 1) shows the basic circuits 
used in this adaptor and gives figure numbers for 
each of the individual stages, figs. 2 through 13. For 
sake of simplicity let's say the receiver to be used has 
an i-f of 3 MHz, and that you tap into it before the 
narrow receiver's filter, and that this wider-band part 
of the receiver i-f amplifier is about plus or minus 100 
kHz wide. 

The i-f signals go into a wideband amplifier with 
about 20 dB of gain, and then into the first double- 
balanced mixer (DBM). Here the signals are mixed 
with an amplified and filtered signal from the first 
local oscillator; this LO is voltage tuned and is con¬ 
nected to a sweep oscillator so the original 3-MHz 
signals are translated up to about 36 MHz. The image 
at 30 MHz is filtered, then the 36-MHz signals are am¬ 
plified with another wideband amplifier with variable 
gain. Here another mixer is employed to beat the sig¬ 
nals down to 5 MHz, using a crystal-controlled LO 
with amplifier and filter. At this 5-MHz i-f we have 
the narrow-crystal filter, which sets the resolution of 
the instrument, and feeds into a high-gain 5-MHz 
amplifier and log-detector 1C. Power supplies and 
some op-amps around the sweep circuit complete 
the block description of the panoramic adaptor. 

Everything is in modules or blocks which can be in- 
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fig. 1. Block diagram of the panoramic adaptor. Interconnections are made with subminiature coax (RG-174/U or equiva¬ 
lent!. The optional scope pre-amp is useful if the vertical sensitivity of your oscilloscope is marginal; it comes free as one 
of the op-amps in the LM324 control voltage processor. 


dividually built and tested. A circuit of this complex¬ 
ity can't be thrown together all at once in a weekend; 
each sub-assembly needs check-out before it all goes 
together. In fact, the author's unit worked the first 
time around (save for one problem to be mentioned) 
once all the modules were built and operating individ¬ 
ually. Of course, each module can be constructed 
and tested in a weekend; this spreads the project out 
and makes for an interesting diversity of circuits to 
explore over a couple of months. 

The output from your receiver's i-f goes to a wide¬ 
band preamplifier which provides some gain and 
essentially sets the noise figure of the panadaptor 
(the noise figure of the whole system is, of course, 
set by the front end of your receiver). Any wideband 
design will work satisfactorily here, since the inher¬ 
ent selectivity of the associated receiver's front-end 
and wideband i-f coupling will keep spurious signals 
from this amp. I used a commercially available ampli¬ 
fier; I provide a schematic of another design that 
works as well. 

The signal now goes into the first mixer. Here you 
should use a passive double-balanced mixer, as men¬ 


tioned above, for greatest dynamic range. The least 
expensive of these come from MCL (Mini-Circuits 
Lab, 2625 E. 14th St., Brooklyn, New York 11235) 
and will perform well; typical cost is $4-$5 each, 
which is what one vacuum-tube mixer would cost 
nowadays, anyway. 


WIDEBAND FRONT-END AMPLIFIER 
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The i-f port of the DBM runs into a bandpass filter 
of conventional handbook design, scaled to the fre¬ 
quency of interest. Here, we want a center frequency 
of 36 MHz, with a passband flat over plus or minus 
100 kHz of that frequency. The filter needs to reject 
the image at 30 MHz (29.64 ± 0.1 MHz) and this de¬ 
sign provides some 40 dB of rejection. This topology 
was also checked on a computer analysis program 
and its performance is nearly as predicted. The 9 dB 
or so of passband loss it exhibits is mainly due to the 
finite Q of the inductors (which the computer can 
take into account), but this is not a serious problem 
since there's ample gain before and after this stage. 


One of the most important design parameters of 
any superheterodyne receiver is LO purity; that is, 
you want the LO to put out just one signal and noth¬ 
ing else — no spurs, harmonics, or such. The first LO 
in the panadaptor is voltage tuned and free-running, 
using a varicap diode and FET as the active element. 

It's remarkably stable, within a kilohertz or so of its 
33 MHz center frequency, and sweeps linearly over a 
plus or minus 100 kHz range. Following this LO is a 
power amplifier stage using broadband toroids and 
feedback; I modified the design from the ARRL 
Handbook. Here we get at least enough power to 
drive the first mixer, which requires +7 dBm input. 

But before we run this into the MCL mixer we filter it 
with a low-pass filter of conventional design. This fil¬ 
ter was built without test equipment and later found 
to be non-critical as to exact components, as long as 
you're within a few percent of the values listed. Com¬ 
puter-aided analysis showed the theoretical and 
actual performance of the unit to be nearly identical. 

The cut-off frequency of this low-pass filter is about 
42 MHz, and it does the job of rejecting all significant 
harmonics of the first LO and amplifier chain nicely. 

The filtered 36-MHz signals are now amplified by a 
wideband MC1350P i-f stage which is easy to build 
and get working. The input and output transformers 
can be homebrewed like the ones in the LO drivers, 
or a pair of MCL transformers can be used - or you 
can leave them out and only lose 3 dB or so of gain. 
This amplifier is capable of 36 dB of gain, and more 
importantly, can be cranked down to give about 30 
dB of loss if necessary. Hence, it becomes the gain- 
controlled stage in the panadaptor, with a variable 
control on the front panel to change its gain as re¬ 
quired. 

These now-amplified signals run into the second 
mixer, another MCL DBM, which is driven by a crys¬ 
tal-controlled LO, another power-amp, and a narrow- 
band filter. The LO and power amp are of conven¬ 
tional design, with the power amp identical to the 
one in the first LO chain. A 31-MHz crystal oscillator 
provides signals which, after amplification, go to a 





30 Q] February 1983 







magnetically/capacitively coupled filter. This filter 
provides a very narrow passband to let only the 31 
MHz signal through with about 1 dB of loss; it has a 
steep notch at approximately 41 MHz which nicely 
attenuates a spur there, and thereafter kills all other 
higher-order harmonics. The filter also has excellent 
return loss (good match to 50 ohms) at 31 MHz, 
which aids the stability of the preceeding amplifier. 

The output of the second DBM, now at about 5 
MHz, runs into a single crystal filter built from an arti¬ 
cle in 73 Magazine. This unusual design has the crys¬ 
tal embedded in a two-transistor amplifier circuit, 
providing 15-dB gain at center frequency, with a 300- 
Hz bandwidth and skirts down to 55 dB below the 
peak. As mentioned above, this stage sets the reso¬ 
lution of the spectrum analyzer. Use a crystal with 
wire leads (any small unit will work — these are often 
available as surplus or microprocessor crystals) to 
minimize holder capacitance, and simply adjust the 
variable capacitor for equal skirt attenuation on either 
side of resonance. A sweep generator/scope ar¬ 
rangement is helpful for this adjustment. 

Following the crystal filter is a surprising 1C — the 
LM3089 fm i-f chip. This chip has a beautiful feature 
that makes it ideal for a panoramic detector. One of 
the pins is a tuning-meter output which, if you look 
at the spec sheet, gives an almost ideal logarithmic 
response to its input signals. This is the whole ampli¬ 
fier/detector circuit! There are no adjustments at all; 
the 5-MHz signal from the crystal filter goes in, gets 
amplified by the three i-f stages in the chip, then log¬ 
arithmically detected. The rest of the 1C (fm demodu¬ 
lator, muting, etc.) is not used and thus left uncon¬ 
nected. Though the chip is designed for 10.7 MHz 
service, it works fine at 5 MHz. At $3 a crack, the log 
detector feature (buried in its tuning-meter output) 
compares with commercial log-amps costing several 
hundreds of dollars. 

The remaining circuitry is for the sweep generator 
and controls; here an ubiquitous NE555 timer 1C plus 
a transistor makes for a very nice linear ramp genera¬ 
tor, with rate variable from a few Hertz to a hundred 




Hertz or so. The generator is self-triggering, thus re¬ 
ducing circuit complexity from conventional designs 
which have two timers in series. Following this stage 
is a buffer (so circuit loading won't spoil ramp lineari¬ 
ty), and two subtractors so the ramp signal to the 
VCO can be adjusted in amplitude about some 
adjustable dc value, thus giving you variable-sweep 
width and centering. The ramp is tapped off before 
these controls so it can be fed as a constant sweep 
source to the scope's horizontal plates. 

Finally, the power supply is of straightforward de¬ 
sign, using two three-terminal regulators and a full- 
wave center-tapped arrangement for the plus and 
minus 15 volts. The positive supply draws some 200 
mA, while just a few mils are needed for the - 15 volt 
bus. A word of caution: the author had no trouble 
getting the whole adaptor working once each mod¬ 
ule was built and tested, except for the power sup- 
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ply. The analyzer worked fine, but a horrible wide¬ 
band racket was heard in the receiver at certain 
frequencies every time the unit was powered up. At 
first I suspected the wideband amplifiers in the local 
oscillator chains, but a resistor connected across the 
15-volt line produced the same receiver noise, with 
the adaptor completely disconnected! I then shunted 
the regulators right at their input and output pins 
with bypass capacitors (0.001, 0.1, and 33 /iF). 
Thankfully, this cured the problem. 



a word on frequency scaling 

Before I launch into some hints on building and 
adjusting each module, I should say something about 
adapting this design to other receiver i-f frequencies. 
Most receiver i-f's are below 9 MHz or so, and you 
can make the first and second local oscillators kick 
that up to some higher i-f in the analyzer, then back 
down to 5 MHz in its second i-f. In fact, most of the 
components are broadband at least up to 42 MHz 
(where the lowpass filter in the first LO cuts off), so 
no amplifiers need be redesigned. You will have to 
scale the filter components, which should not be dif¬ 
ficult if you use a sweep generator/detector/scope 
arrangement to tune things up. There's nothing 
sacred about the 5-MHz crystal filter either; any fun¬ 
damental crystal from about 4-8 MHz will work in the 
circuit, giving you even more flexibility. The impor¬ 
tant thing is to watch where you put your oscillator 
signals so they won't cause unwanted responses 
either in the analyzer or in your receiver. 

For example, if you have a 9 MHz receiver i-f, use a 



voltage-tuned first LO at 32 MHz, filter the image and 
amplify at a first i-f of 41 MHz, then beat this down to 
5 MHz with the second LO at 36 MHz. Here just the 
second LO filter, the 36 MHz bandpass filter, and a 
few tuned circuits in the oscillators need be scaled 
accordingly. 

construction and tuning 

My unit was built ugly style (no pc boards, just sol¬ 
der each component to a double-sided piece of cop¬ 
per-clad material), with small-diameter coax used to 
connect each module to one another. I even soldered 
the modules to a large piece of copper-clad board as 
a means of mounting them. The power supply was 
built in a separate box; a connector was used to lead 
power in and scope voltages out of the panadaptor 
chassis. Five controls on the front panel are gain, 
centering, width, rate, and power; the centering and 
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width controls are multi-turn for ease of use (the 
width control has a dial that can be calibrated if you 
wish). 

To tune things up, note that only the filters and the 
LOs need be touched; all else is broadbanded. Tune 
each unit individually; when you hook all of them to¬ 
gether you won't have to adjust anything. 

For the first voltage-tuned LO, try to choose the 
LC network and the varicap diode so that several 
volts will swing the frequency over the desired 200 
kHz of total spread. I padded down the tuned circuit 
until it did this — it's desirable because the LO won't 
be so sensitive to small pick-up voltages on the con¬ 
trol line from hum or other sources. Using the values 
shown, I got the LO to cover 32.82 MHz plus or 
minus 100 kHz with a voltage swing from 5 to 9 volts. 
Don't make the swing too large as the ramp genera¬ 
tor puts out a maximum of 5 volts peak-to-peak. The 
trimmer across the tuned circuit can be adjusted for 
center frequency (here 32.82 MHz to beat with the 
center of the FT-IOIB’s i-f at 3180 kHz giving 36 
MHz) with 7 volts on the tuning voltage input. 

As mentioned above, the filters are best tuned 
with a sweep generator, scope, and detector. The 
36-MHz bandpass is tweaked for flattest response 
over 36 MH2, and best rejection of 30 MHz. If you 
keep the frequency conversion scheme close to mine 
you'll not have to touch the 42-MHz low-pass filter in 
the first LO chain at all. The 31 MHz second LO filter 
is simply tweaked for maximum power out of the os¬ 
cillator-amplifier stages, loaded into 50 ohms. 



The two variable capacitors on the 31-MHz oscilla¬ 
tor should be tuned for maximum power-out consis¬ 
tent with reliable starting. This LO, the power amp, 
and its narrow-band filter should be tuned as one 
unit. 

As a check of the output power of the two LOs, 
you should use a vtvm with rf probe and measure the 
voltage across a 50-ohm resistor. For + 7 dBm you 
should read 0.5 V rms, plus or minus 20 percent. You 
could also use the DBM as the load, as they are nom¬ 
inal 50-ohm devices and will be the actual load of the 
LO in use. 
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fig. 14. Measured bandpass characteristics of the 5- 
MHz crystal filter. Note ultimate attenuation is greater 
than 55 dB: the 3-dB bandwidth is less than 300 Hz. 


The trimpot on the LM324 op-amp board should 
be set so that you get + 7.5 volts at the slider con¬ 
tact. This will help keep the pip centered on the 
screen as you decrease the sweep width for a closer 
look at some signal. It can be fine-adjusted after the 
unit is working as a whole. 

Needless to say, you should always use short leads 
and bypass all power going to the various modules. 
The ugly method of construction makes it easy to 
use short connections since ground is all around on 
the board. My unit was assembled into a chassis with 
no shielding of any module from any other. It works 
fine this way, with no spurious pips on the display. 
However, another frequency conversion scheme 
may require some shielding, though the narrow 
range of the device (plus or minus 100 kHz) helps 


keep the possible spurs out of the tuning range. 

hooking it up 

If your receiver has an i-f output jack on the back, 
as many modern transceivers do, you merely run a 
shielded cable from that jack to the input of the pan¬ 
adaptor. If you notice that the unit is loading down 
the receiver, try a 4:1 transformer in the line, or put 
two in series to match the impedances. 

Receivers without an i-f output jack can be con¬ 
nected by running a cable to the last i-f stage in the 
receiver before its narrow-band filter stages; this is 
usually after the receiver's last mixer. A small value 
coupling capacitor should be used at the tap-off 
point to avoid loading down or detuning the receiv¬ 
er's i-f amplifier. 

The oscilloscope should be connected to the hori¬ 
zontal/vertical outputs of the analyzer; dc couple the 
scope's amplifiers and set them to approximately 1- 
volt/division. The blanking output of the adaptor sits 
at 15 volts and produces a narrow spike to ground 
upon retrace; my scope blanks almost completely 
with this input to its external blanking terminals. If 
you can't find your scope's blanking input it's not a 
big deal; the retrace is so fast compared to the for¬ 
ward sweep speed that you barely see the retrace 
under normal intensity settings anyway. 

using the spectrum analyzer 
and some options 

When you first turn things on, you've got the 
scope gain controls plus the four controls on the pan- 
daptor to play with. Start with the gain high enough 
to see noise (grass in spectrum analyzer jargon) on 
the scope baseline, and adjust sweep rate and width 
to about center of rotation. Now turn on the 100 kHz 
calibrator in the receiver (or 1 MHz calibrator, or any 
strong locally-generated signal) and tune the receiver 
so you can hear this signal. Somewhere on the dis¬ 
play you should see a large pip — if not, tune the 
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centering control until you do. Now set the gains on 
the adaptor and scope (the scope controls seldom 
need readjustment once set) for a presentation simi¬ 
lar to those in the photographs. If you have a 25-kHz 
calibrator, flip that on and see the spectrum of sig¬ 
nals displayed. In fact, this will calibrate the horizon- 



Panadaptor display with a 3180 kHz a-m signal at its input, 
90 percent modulated at 1 kHz. Note the generator's inter- 
mod visible as another sideband set 2 kHz from the carrier. 



Same as photo 2, but with 400-Hz modulation. The side¬ 
bands are easily seen, demonstrating the instrument's 300 
Hz or better resolution capability. 


tal axis as you change the sweep width; you can set 
the center pip to the center, and the ones on either 
side to the edges of the display, for instance, to give 
you plus or minus 25 kHz of scan width. From here 
on, you will quickly learn what gain, width, and 
sweep speeds give the best display for a particular 
signal. 
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Note that if you increase the sweep rate too much, 
the pips get broader at the base and you lose resolu¬ 
tion. Try to keep the rate slow enough to have good 
resolution yet fast enough so flicker is not bother¬ 
some. You may also notice that the resolution in¬ 
creases for narrower sweep widths, approaching 300 
Hz as you get to very narrow sweeps. This is handy, 
for example, in checking the spacing of two tones in 
an RTTY signal, providing they're spaced further 
than 400 Hz or so. 



A multiple-exposure photograph showing the analyzer's 
good frequency and amplitude linearity. Amplitude steps 
are in 5 dB increments and frequency steps in 5-kHz incre¬ 
ments across the screen. Greater than 40 dB of range is dis¬ 
played here. 


No project is complete without some options; here 
you could get better than the 55-dB skirts of the sim¬ 
ple crystal filter, by substituting a crystal lattice unit as 
used in commercial transceivers. Surplus Atlas filters 
are available for about $15 with center frequencies 
near 5 MHz; a narrow-band version of one of these 
would probably give very good performance. How¬ 
ever, the band-edge roll-off of these lattice designs is 
very steep and could necessitate slow sweep speeds 
so the filter won't ring as signals move through them. 
Try it and see. 

Another option would be a linear detector (as on a 
commercial spectrum analyzer), useful for some ap¬ 
plications. Here the LM3089 comes in handy; it pro¬ 
vides an amplified i-f output port that can be rectified 
in a linear detector circuit for later application to the 
scope's vertical channel. A switch could select be¬ 
tween the log and linear displays. 

This modern spectrum analyzer is an updated and 
improved version of the older panoramic adaptor, 
and besides the applications mentioned earlier in the 


article, will find other uses around ihe shack. With 
the rf vision it provides, a new facet of radio commu ¬ 
nication monitoring becomes possible, with rapid 
signal detection, modulation analysis, and band-con¬ 
dition assessment all easily accomplished. Soon 
you'll feel quite blind without its help, and you will 
switch it on every time you fire up the station receiver 
for a simple ragchew or just to snoop around the 
spectrum. 
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the Bragg-cell receiver 


New uses for 
an old technology 

The year is 1932 and radio as a technology is just be¬ 
ginning. A French physicist by the name of Louis- 
Marcell Brillouin is establishing grounds for what we 
today call the Bragg-Cell Receiver. 

He notes the phenomenon of interaction between 
sound and light and proves that monocromatic light 
can be defracted in the presence of sound. The 1932 
experiment involved a source of filtered light that illu¬ 
minated a column of water into which sound was 
coupled. By properly adjusting the angle of incidence 
of the light source, the first-order diffraction line was 
observed to become more intense while the other 
lines were cancelled, presenting a graphic represen¬ 
tation of this interaction. This angle of incidence was 
later called the Bragg angle, and the phenomenon 
became the basis for what we today call the Acousto- 
Optical (A/0) receiver, or, the Bragg-Cell Receiver. 

The block diagram of a modern Bragg-Cell receiver 
is shown in fig. 1. It resembles a single-conversion 
receiver with a very wide i-f (40 MHz) centered at 70 
MHz. Many rf signals are processed at the same 
time, as the passband of the front end is also 40 MHz 
wide. 


Extreme care must be exercised in designing a sys¬ 
tem with a wide dynamic range, as there are no pre¬ 
selectors or narrow-band filters in this approach. The 
i-f amplifier is also a very high-dynamic-range power 
device providing about three watts of wide-band 
video signal to the Bragg-Cell transducer, which acts 
as a launcher or transmitter. A modern Bragg-Cell 
transducer and medium is a block of very pure crys¬ 
talline material such as quartz or lithium niobate, 
which is approximately 1 cm x 1 cm x 1 cm. A pair 
of tuned electrodes are bonded to the side of this ma¬ 
terial. This is where the i-f signal is applied, as shown 
in fig. 1. 

When excited with signals within the passband of 
the receiver, rf wavefronts are launched (or propa¬ 
gated) through the medium, changing its refractive 
characteristics accordingly (a form of spatial phase 
modulation). If a beam of monocromatic light is in¬ 
troduced at the Bragg angle, a panoramic display of 
all the signals within the i-f passband can be obtained 
on a projection screen. A helium-neon laser is used 
as the source of monocromatic light. 

The deflection angle (the displacement from the 
center of the screen) viewed on the screen, and the 
intensity of the light spots, are directly proportional 
respectively to the frequency and the power of the 

By Cornell Drentea, WB3JZO, 7140 Colorado 
Avenue, N., Brooklyn Park, Minnesota 55429 
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received signals. Post-detection demodulation can 
be accomplished by an array of closely spaced PIN 
photodiodes. The position of each photodiode corre¬ 
sponds to a specific frequency within the passband 
of the receiver's input, providing instantaneous 
reception of many signals, without sweeping or 
scanning. 

The Bragg-Cell receiver can be viewed as a parallel 
processing device which converts radio-frequency 
energy to individual light spots positioned in the fre¬ 
quency domain on a dial-like base line. 

While not completely understood from an applica¬ 
tion point of view, this receiver can be used as a 
wideband (non-sweeping) spectrum analyzer which 
can identify the presence of active frequencies. High- 
resolution programmable receivers can then analyze 
the particular signals. 

The instantaneous nature of the Bragg-Cell re¬ 
ceiver allows for a high probability of intercept (POD, 
since many signals can be observed at the same 
time. This, in turn, would make an ideal addition to a 
radio telescope which is searching many frequencies 


for extra-terrestrial signs of life. 

The main disadvantages of the Bragg-Cell receiver 
are its limited dynamic range (typically 40 dB) and its 
frequency resolution, which is limited by the me¬ 
chanical arrangement of the photo-detectors. 

For readers interested in experimenting with such 
a receiver, helium-neon lasers are available today 
from a variety of sources, and Bragg-Cells can be 
purchased commercially from Intra-Action Corpora¬ 
tion, 3719 Warren Avenue, Bellwood, Illinois 60104. 

This article was adapted from the author's book, 
"Radio Communications Receivers," No. 1393, by 
TAB Books Inc., Blue Ridge Summit, Pennsylvania 
17214: $13.95soft-bound, $19.95 hard-bound. 
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technical w,,rr> 

Welcome to the ham radio Technical Forum. The purpose ol this new feature is to help you. the reader, find 
answers to your questions, and to give you a chance to answer the questions of your fellow Radio Amateurs. As a 
new feature, the Technical Forum will be shaped by the type and number of letters we receive from you. Do you 
have a question? Send it trd 



for your peace of mind. 

Determine the total wind-load area 
Of your antenna(s), plus any 
antenna additions or upgrading 
you expect to do. Now, select the 
matching rotator model from 
the capacity chart below. If in 
doubt, choose the model with the 
next higher capacity. You'll not 
only buy a rotator, you'll buy 
peace of mind. 



26' (8 m) use HDR300 or our 
industrial R3501. 



Full details at batter Amateur dealers or write: 

telex hy galn 

TELEX COMMUNICATIONS, INC 


Have you ever published a circuit, 
or do you know of a circuit, that can 
be used to test Zener diodes? The cir¬ 
cuit should test the voltage rating of 
the Zeners. — Pete Hons, W3PKH. 

Yes. Quite a few articles over the 
years have been published in the 
Amateur journals. Here are three: 

"Low Voltage Zener Tester," ham 
radio, November, 1969, page 72: The 
circuit measures Zener voltages up to 
10 volts and makes it possible to 
check voltages of unmarked and sur¬ 
plus devices. 

"Two Methods of Testing Un¬ 
known Zener Diodes," CQ, August, 
1972, page 38: The first circuit uses a 
250-volt power supply, one fixed and 
one variable resistor, and any VOM or 
VTVM. It determines the breakdown 
voltage or a short or open condition. 
The second method feeds an audio 
signal to the Zener. The diode’s char¬ 
acteristics are then read off a scope 
display. 

"Bargain Zener Classifier," 73, 
August, 1979, page 46: A method 
similar to that described above places 
an increasing voltage across the un¬ 
known Zener until breakdown occurs. 

Has anyone designed an induc¬ 
tance meter that is fairly accurate at 
inductances of 20pH on down to 0.01 
pH? I built one that is used in con¬ 
junction with a digital voit-ohmmeter. 
However, its accuracy at 10 pH and 
down is very poor. — Gustave C. 
Budina, K9EBA. 

When I first sat down to research 
your question, I thought finding the 
answer would be quite simple. But I 
found that most of what’s been writ¬ 


ten has been devoted to L-measuring 
devices that go only as low as 20 to 
50 pH. Below 20 pH very little has 
been done. One possible solution to 
your problem is discussed in the Feb¬ 
ruary, 1981, issue of QST. There, 
WA2TNG wrote of an inductance 
meter and frequency counter he de¬ 
signed that would measure values 
from 1 mH to 0.05 pH. When he 
started, he found that his design 
would work down to 1.4 jjH. Below 
that, his inductance meter would not 
perform accurately. His design is 
basically a Colpitts oscillator fed into 
a frequency counter. Inductance is 
measured by determining resonant 
frequency and then calculating induc¬ 
tance using this formula: 

LpH = (IS-W'fMIlJ 2 ~i-„ 

L„ being derived from the Handbook 
LC chart for resonant frequencies 
above 5 MHz. Basically it is a correct¬ 
ing subtraction. 

In looking into the reasons why the 
counter would not measure below 1.4 
pH, the author found that the ceramic 
disc capacitors he was using had too 
much internal resistance (in excess of 
7 ohms) and that this resulted in ex¬ 
cessive loss in the tank circuit. Re¬ 
placement of all capacitors with those 
of polystyrene design (internal resis¬ 
tance of 1 ohm) reduced series resis¬ 
tance. This resulted in an ability to 
measure inductance to values as low 
as 0.05 pH. 

My suggestion is to look closely at 
your capacitors and replace them 
with the polystyrene type. That 
should give your inductance meter a 
greater range and give you a much 
more useful instrument. 

ham radio 
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Garth stonehocker, K0RYW 


last-minute forecast 

Excellent DX conditions on the 
higher frequency bands (10-20 
meters) during the third week and on 
into the beginning of the fourth week 
of February are expected, after a slow 
beginning the first two weeks. In 
fact, during these first two weeks of 
the month it may be better to try 
nighttime DX on the lower frequency 
bands. Those bands should be very 
good throughout the month unless 
disturbances prove particularly 
severe, which may be the case on the 
1st, 11th, 19th, or 28th. Disturbances 
on the 1st and 28th should be less 
severe but four to six days in length. 

IMo significant meteor showers 
occur during February. The full moon 
is on the 27th and lunar perigee the 
25th. February is often the month of 
the highest mean solar flux values of 
the year, which results in very high 
maximum usable frequencies 
(MUFs). The ionization responsible 
ioi these MUFs moves toward the 
sides of the geomagnetic equator, 
giving trans-equatorial (TE) one-long- 
hop propagation. Geomagnetic dis¬ 
turbances, however, can enhance TE 
and lower mid-latitude MUFs. These 
disturbances result from particles in 
the solar wind traveling to earth and 
spiraling down into the polar regions. 
High solar winds result from solar 
flares and thin spots in the sun's 
corona. 

Geomagnetic disturbances associ¬ 
ated with thinning of the solar corona 
(coronal holes) should be increasingly 
affecting radio propagation. The rea¬ 
son is that the solar flux has rounded 
off the eleven-year peak and it has 


started its maximum rate of decrease; 
also, with decreasing flare output, 
the solar pressure on the earth's mag¬ 
netosphere has decreased. This 
leaves the geomagnetic field sensitive 
to the solar wind (particles radiating 
from the sun) streaming through cor¬ 
onal holes. Geomagnetic distur¬ 
bances from these holes are weaker 
(A of 20-30), longer (four to six days), 
and build up gradually. This is in con¬ 
trast to disturbances following flares, 
which are intense (A often above 
50-60), short (two to three days), and 
start suddenly. Coronal hole distur¬ 
bances tend to recur in twenty-seven- 
day cycles similar to those of flares, 
but they tend to occur around the 
twenty-seven-day solar minimum 
rather than the time of maximum flare 
activity and flux. 

Coronal hole disturbances reoccur 
so regularly that they have been la¬ 
beled recurrent geomagnetic distur¬ 
bances. In certain years they can be 
observed for as many as four to six 
consecutive twenty-seven-day cycles, 
and with as many as two to three dis¬ 
tinct groups within a twenty-seven- 
day period. That's a lot of distur¬ 
bance. Expect these recurrent distur¬ 
bances to become more frequent 
soon and last through most of 1986 
until the solar cycle, at minimum flux 
in 1986/7, begins to turn upward. 
The maximum disturbance is expect¬ 
ed in the later part of 1984. 

What does all this mean in terms of 
propagation and DXing? Well, simul¬ 
taneous with the decreases in MUF 
toward sunspot minimum (see Octo¬ 
ber, 1982, "DX Forecaster") will be 
2 Vi years of increase in long-dura¬ 


tion (four to six day) disturbances. 
When disturbed, the ionosphere be¬ 
comes depleted south of the auroral 
zone (60° to 70° north or south lati¬ 
tude) in a region known as the 
trough. Where has the ionization 
gone? It has diffused up the geomag¬ 
netic lines of force to the geomag¬ 
netic equator. The more and longer 
the disturbance, the wider the trough 
becomes. This affects east/west 
paths from mid-latitudes (U.S.- 
Europe) by lowering the MUF while at 
the same time raising the MUF for TE 
paths. 

band-by-band summary 

Ten and fifteen meters will be open 
for worldwide DX from sunrise until 
after sunset during the twenty-seven- 
day solar flux maximums. Skip of 
2500 miles (or multiples) is possible, 
and will follow the sun across the 
earth. 

Twenty meters will be open to some 
area of the world for the entire 
twenty-four-hour period on many 
days of the month. The band should 
peak in all directions just after local 
sunrise, and again toward the east 
and south during late evening hours. 
During hours of darkness the band 
will peak toward the west in an arc 
from southwest through northwest, 
encompassing Pacific areas. 

Forty and eighty meters will be the 
most usable nighttime DX bands. 
Most areas of the world will be work¬ 
able from dusk until sunrise. Hops 
shorten on these bands to about 2000 
miles for 40 meters and 1500 miles for 
80 meters, but the number of hops 
can increase because signal absorp¬ 
tion in the ionosphere's D-region is 
low during the night. The path fol¬ 
lows the direction of darkness across 
the earth, similar to the way in which 
the higher bands follow the sun. 

One-sixty meters will be similar to 80 
meters, providing good working con¬ 
ditions for enthusiastic DXers who 
like to work the nighttime and early 
morning hours, especially at local 
dawn. 

ham radio 
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VFOs tuned 

by cylinder and disc 


Inductive tuning provides 
tailor-made frequency coverage 
and temperature stability 


This article describes further results in my search 
for simple, reliable, variable-frequency oscillators 
IVFOs) reported in the July, 1980, issue of ham 
radio.' I feel there is a need for low-current-drain, 
stable VFOs of simple construction, especially for 
portable use. Also, the alternative of inductance-tun¬ 
ing techniques, rather than reliance on increasingly 
scarce, bulky, precision variable capacitors, offers 
great advantage. 

Although the VFOs described here are simple, one 
could control them from a synthesizer output. 2 


When the VFO is to be used in communications 
equipment, one must avoid generating unwanted 
frequencies, which would have to be filtered out. 
This can be a problem with synthesizers. For Ama¬ 
teur use, simplicity may be the best approach. As a 



An example of a cylinder-tuned VFO. 


By Richard Silberstein, W0YBF, 3915 Pleasant 
Ridge Rd., Boulder, Colorado 80301 
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home experimenter, I build only analog frequency 
sources, and use only one frequency conversion in 
receivers. I plan to have the local oscillator on the 
high side of the received frequency, where possible, 
so as to place image frequencies and harmonics as 
far out of reach as possible. 

This text begins by presenting the next develop¬ 
ment after those covered in reference 1: a Seiler os¬ 
cillator in which incremental inductance tuning is 
done by means of a metal-foil triangle on a rotatable 
insulating cylinder adjacent to a coil. 

The next development is a successful venture into 
frequencies higher than those usually used in a sim¬ 
ple VFO. A 30-MHz VFO is tuned by means of a disc 
with a metal pattern, rotated close to the ground end 
of a high-Q inductor. Here, I returned to the Hartley 
circuit; a modification dispelled my earlier objections 
and left me with a very good, simple oscillator circuit. 

Finally, I discuss temperature effects and rectify 
some wrong guesses made in the earlier article. 

the cylinder-tuned oscillator 

The Seiler circuit used in this oscillator is an out¬ 
growth of the well-known series-Colpitts circuit illus¬ 
trated in fig. 1A. Cl is conventionally the tuning ca¬ 
pacitor, and C2 and C3 provide feedback. The value 
of frequency is determined essentially by LI and a ca¬ 
pacitance which has the value of Cl, C2, and C3 in 
series. 

In the interest of stability, it is desirable to have a 


high-Q, stable, frequency-determining circuit iso¬ 
lated as much as possible from the semiconductors. 
The Seiler circuit, fig. IB, is an attempt to provide 
these conditions. Here, C2 and C3 are still the feed¬ 
back capacitors, but Cl is now a coupling capacitor. 
There is a new capacitor, C4, which, in parallel with 
LI, would determine the oscillator frequency if Cl 
were small enough. In a practical circuit, if Cl is too 
small the drain current becomes excessive, and a still 
smaller value of Cl causes normal oscillation to 
cease. However, the advantage of the circuit to the 
experimenter is that he can adjust Cl to a practical, 
limiting value for at least partial isolation of L1C4. 
The higher the Q of this LC combination, the greater 
the possible isolation. 

In the usual Seiler oscillator, C4 of fig. IB is used 
for tuning. In my inductance-tuned version, useful 
only for a relatively small band of frequencies, there 
is a small pickup coil in series with the ground end of 
LI. The coil is coupled to a rotatable acrylic cylinder 
around which is glued a metal-foil triangle. This is 
shown in fig. 2. Because the magnetic field of the 
pick-up coil produces eddy currents in the foil, an op¬ 
posing magnetic field is generated which reduces the 
inductance of that coil. This effect increases as the 
area of metal coupled to the coil increases, up to an 
area a little greater than that encompassed by the coil 
cross-section. Thus, as the larger end of the triangle 
is rotated into the field of the coil, inductance de¬ 
creases and the frequency goes up. 

Other designs may produce the same effect by us¬ 
ing a fixed-metal surface or object and varying its dis¬ 
tance from the concentrated magnetic field of the 
coil, or by varying its angle, or both. The copper- 
vane tuning element is one form of such a tuning de¬ 
vice where a sickle-shaped rod made of a tube or 
wire is rotated into a half-toroid coil. 1 The cylinder 
and the disc, to be described later, have two advan¬ 
tages over the copper vane: 

1. The useful tuning range is at least 270 degrees. 
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2. No detent (stop) is needed; the dial can be rotated 
continuously. 

Fig. 3 shows a practical form of a cylinder-tuned 
Seiler for 9 MHz. Because the cylinder provides only 
the variable part of the tuning, it is necessary to pro¬ 
vide means for setting a calibration point against a 
standard. C1B provides coarse initial calibration, and 
C1D, in series with a small capacitor, C1C, provides 
fine adjustment. This last function could also be per¬ 
formed by electronic means. 

Fixed frequency-determining capacitors in this os¬ 
cillator were originally polystyrene capacitors. The 
adjustable capacitors are air-dielectric trimmers. 

The acrylic cylinder is 1 inch (25.4 mm) in diam¬ 
eter. The metal-foil triangle is made of 0.006 inch 
(0.15 mm) thick copper, 1 inch (25.4 mm) wide at the 
widest point. Heavy-duty household aluminum foil 
works almost as well as the copper. 

I built the main inductor, LI, as an air-core sole¬ 
noid with the same inductance as the 38-1/2 turn air- 
core toroid described in reference 1, since I believed 
at that time that the toroid was a source of positive 
frequency drift with increasing temperature. The coil 
consists of 11-1/4 turns of No. 14 tinned wire spaced 
on a glass (not plastic) medicine vial 1.04 inches (26.4 
mm) in diameter for a total length of 1-1/8 inches 
(28.6 mm). 

To make the coil, I first wound the wire on a dowel 
suspended between a lathe chuck and a "steady 
rest." This can be done manually, if you have help. I 
got just the right diameter of dowel by applying 
masking tape to a dowel which was a little too small. 
The coil, which slid off the dowel, was just a bit nar¬ 
rower than the glass vial but could be sprung and 
slipped onto the bottle so the turns could be spaced 


and would exert a clinching force. I had previously 
made end mounts by using a fly cutter on square 
pieces of acrylic to make holes the same diameter as 
the bottle. I placed terminals and mounting brackets 
at the corners and cemented the mounts to the bot¬ 
tle. Finally I anchored the coil to the vial surface by 
laying on strips of epoxy glue. I avoided coating the 
whole coil because of the tendency of most adhe¬ 
sives to absorb moisture or otherwise lower the Q of 
the coil. 

The Q of this coil measured at 12 MHz was approx¬ 
imately 290. Partly because of the high Q, it was pos¬ 
sible to have an oscillator current drain of only 1.8 
milliamperes. 
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A disc-tuned VFO. 


RFC4 in the source circuit is a 4-section 2.5-mH 
air-core choke, used to minimize temperature- 
change effects on the oscillator frequency, which 
might occur with a simpler choke. The 270-ohm re¬ 
sistor, R5, isolates the choke, and may also prevent 
low-frequency oscillations. Resistor R6, 6800 ohms, 
helps to isolate the output cable and other output-cir¬ 
cuit elements which might influence the oscillator 
frequency. 

Fig. 4 is a plot of frequency change against angu¬ 
lar shaft rotation for the 9-MHz cylinder-tuned oscil¬ 
lator. The useful tuning range is seen to be about 165 
kHz, reasonably linear over most of its coverage. 

the disc-tuned oscillator 

Development of this oscillator coincides with a re¬ 
turn to the Hartley configuration, as a result of a sim¬ 
ple modification which eliminated some problems. Of 
course, any inductance-tuning method will work 
with any oscillator in which an inductance is a fre¬ 
quency-determining element. 

In the simple Hartley oscillator of fig. 5A, feed¬ 
back is produced in the coil. The alternating FET 
drain current through turns B-0 on LI induces a volt¬ 
age on turns O-A, exciting the FET gate in the cor¬ 
rect phase to sustain oscillations. The frequency is 
largely determined by L1C1, but instability can be in¬ 
troduced by the attached circuitry. The tapped-coil 
Hartley of fig. 5B is an attempt to isolate LI Cl from 
relatively unstable parameters. Tapping down the 
coil performs the same isolation function as adjusting 
Cl in the Seiler oscillator of fig. IB. 

Previous experiments had demonstrated a tenden¬ 
cy of the circuit to break into parasitic oscillations as 
the taps A and 0 were moved down the coil. At the 
higher frequencies the turns between A and A' act as 
a choke, isolating Cl. Then the turns A-O-B, plus in¬ 


cidental capacitances and inductances of the etched 
conductors (or wiring), plus what is contained in all 
the attached circuit elements, are probably what pro¬ 
duce these VHF parasitic oscillations. In fig. 5B, the 
area of greatest concern is enclosed by a dashed line. 

In the modified Hartley of fig. 5C, the inserted re¬ 
sistor R2, of the order of 10 ohms, breaks up the loop 
which might resonate at a parasitic frequency. The 
oscillator I built using this circuit produced the de¬ 
sired results. Now, the rf choke in the FET source cir¬ 
cuits of fig. 1, (RFC4 of fig. 3), was no longer 
needed and the feedback capacilors C2 and C3 were 
also eliminated. Relative isolation of the frequency¬ 
determining elements could be increased by moving 
taps A and 0 down the coil (until drain current be¬ 
came excessive). 

In the usual Hartley oscillator, tuning is done by 
capacitor Cl. In this oscillator, inductance tuning is 
accomplished by means of a rotatable insulated disc 
bearing a metal plate of such configuration that the 
ground end of a coil coupled to the disc is exposed to 
a varying area of metal as the disc is rotated. The 
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simple geometric design I used was a triangle similar 
to that of the cylindrical tuner, except that I trans¬ 
posed the triangle to the polar coordinates of the 
disc. Figs. 6A and 6B illustrate how I laid out the disc 
pattern. 

I made the disc 3 inches (76.2 mm) in diameter, us¬ 
ing single-side plated Fiberglas® epoxy-resin circuit 
board upon which I etched the pattern. Note that the 



fig. 6. Scaling diagram for generating the tuning-disc 
pattern, (A); the pattern as etched on the disc, (B). 


pattern as transposed to the disc in fig. 6B is cen¬ 
tered toward the outside of the disc, since the center 
of the pattern must rotate past the center axis of the 
coil, and the coil must be positioned so that one edge 
must clear the shaft and its support bearing. Refer to 
fig. 8 for details. 

To fasten the disc to its shaft, I made a simple, 
square acrylic hub. At the expected velocities of 
hand rotation, a dynamically balanced hub was not 
needed. I drilled and tapped two edges of the hub for 
set screws, and cemented it to the disc. To ensure a 
snug fit, I glued the hub to the disc and then drilled 
the final shaft hole after everything was cemented. 
To avoid heat flow of the plastic, and distortion of 
the hole, drill at slow speed, perhaps with the aid of a 
coolant such as cutting oil. 

Fig. 7 shows the circuit of a modified, tapped- 
down 30-MHz Hartley VFO with buffer for 15-meter 
operation using a 9-MHz i-f. 

The inductor, LI, is an air-core solenoid wound 
with 4-3/4 turns of No. 6 copper wire, 1-1/4 inches 
(32 mm) in outside diameter and the same length, 
with a Q of 260 measured near 25 MHz. The gate tap 
A is 1-3/4 turns above ground, and the source tap 0 
is 3/4 turn above ground, which is at B. 

Capacitor Cl, a small air trimmer, is used for 
coarse calibration; I had planned to do fine calibrat¬ 
ing electronically. Originally, C2 was a single polysty¬ 
rene capacitor with the parallel combination of Cl 
and C2 capable of reaching 70 or 80 pF. The series- 
parallel modification of C2 shown in fig. 7 resulted 
from a need for temperature compensation. 
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For the circuit layout, I used a single-side Fiber- 
glas® epoxy-resin board. I prefer the etched circuit to 
free-style wiring because of the precision with which 
a layout can be planned and its mechanical stability. 
As for any objection concerning the relatively poor 
insulating properties of the board, I always etch the 
high-impedance conductors of an rf circuit with plenty 
of space between them and other conductors or 
ground. For stability during initial tests, and even in 
the shield box, a ground plate on spacers is a good 
idea. 

In fig. 7, a tap-point M is where auxiliary capaci¬ 
tors can be switched in to make the oscillator run at 
23 MHz for 20-meter operation. This entails a sepa¬ 
rate dial calibration, but for home construction, the 
method is much simpler than having a VFO with a 
single calibration, using an extra mixer, and switched- 
crystal oscillators to provide local-oscillator injection 
for each frequency band. 

Tap-point N comes after a small coupling capacitor 
6.8 pF. It is intended to be used for frequency slew¬ 
ing with varactors in the conventional manner. Possi¬ 
bilities include using a number of potentiometers, 
one for a shift of the VFO frequency in transmitting 
CW, one for vernier tuning in the receive position, 
and one for vernier frequency calibration adjustment. 

Fig. 8 shows mechanical details of the VFO. Note 
that the buffer is mounted on a separate board at 
right angles to the main board and away from the 
coil. In its box, the outside dimensions of the unit 
measure 4 inches (101.6 mm) wide, 4 inches (101.6 
mm) high, and 4-1/2 inches (114.4 mm) deep. The 
shielded box is actually intended to go inside the en¬ 
closure of a transceiver, instead of being tuned as 
shown in fig. 8, thus affording extra shielding. 


The frequency calibration of the VFO is shown in 
fig. 9 for two spacings of the disc from a reference 
point on the ground end of the coil. It should be easily 
possible to achieve band-spread tuning in excess of 
1000 kHz, or as narrow as desired. Linearity is ac¬ 
ceptable, but could be improved by tailoring the disc 
pattern. 

The current to the VFO is 2.3 to 2.4 milliamperes as 
the disc is turned. The buffer draws 2 milliamperes. 

temperature effects 

In my early VFO work, I relied upon polystyrene rf 
capacitors and was wrongly inclined to blame a posi¬ 
tive drift of frequency with temperature upon the air- 
core toroidal inductors I had developed.’ Publication 
of careful work by other experimenters has since re¬ 
vealed that the polystyrene capacitors have a high 
negative temperature coefficient.^ 4 The type of ca¬ 
pacitor recommended as an alternative is the NPO 
ceramic; these are available through the large mail¬ 
order wholesalers. At the time of this writing, I learned 
from W7ZOI that they could be obtained from at 
least one distributor: Mouser Electronics, 11433 
Woodside Avenue, Santee, California 92071. Actual¬ 
ly, I found that just inserting an NPO ceramic capaci¬ 
tor as C2 of fig. 7 in my experimental unit was not 
satisfactory, since a negative coefficient of tempera¬ 
ture with frequency resulted. I found it was not hard 
to compensate for frequency drift with temperature 
by mixing NPO ceramic and polystyrene capacitors, 
substituting the series and parallel combination 
shown in fig. 7 as "Modification of C2." 

The heat run shown in fig. 10 was accomplished 
with the same plate warmer and 40-volt ac source as 
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in reference 1. Results are not directly comparable, 
however, because of a different physical configura¬ 
tion and shield-box shape, with its obviously longer 
thermal time constant and greater heat losses than in 
the earlier case. Nevertheless, it is estimated that the 
temperature rise near the critical circuit elements ap¬ 
proached 16 degrees C (29 degrees F). 

The data for fig. 10 were obtained by using 47 pF 
NPO for C2A; 47 pF polystyrene for C2B; and 22 pF 
polystyrene for C2C. The small dip in the curve for 
the first hour could indicate that the temperature 
transient reached C2A before C2B and C2C. It would 
have been interesting to make C2C an NPO capacitor. 

In fig. 10, the frequency of the 30-MHz VFO has 
increased only 4300 Hz in fourteen hours on the plate 
warmer. The same VFO at constant room tempera¬ 
ture for one hour did not appear to depart from its ini¬ 
tial frequency by as much as 20 Hz. 



fig. 10. Frequency drift of the 30-MHz VFO during a heat 
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conclusions 

The experiments reported here have shown that 
small, stable, low-current VFOs can be built at fre¬ 
quencies up to at least 30 MHz, using new versions 
of older inductance-tuning methods, eliminating the 
bulky and expensive variable capacitor, and now 
with cylinder- or disc-tuning, extending the useful 
tuning range beyond 270 degrees. Also, the wiping 
contacts found in most variable capacitors are elim¬ 
inated. 

The oscillators shown here could be made smaller. 
For the disc-tuned unit, one easy way to cut down on 
size would be for part of the disc to protrude through 
a slot in the shield box. Perhaps the ultimate com¬ 
pact oscillator would be a cylinder-tuned type using a 
Hartley circuit and perhaps a single closely-placed 
coil of the solenoid type near the circuit, operating at 
30 MHz or higher. 

One foreseeable problem with a 30-MHz VFO, 
especially the disc-tuned type, would be that of 
microphonics, especially if a loudspeaker were close 
by, or perhaps from vibration caused by keying a 
transmitter. One recalls the all-wave broadcast re¬ 
ceivers of the 1930s, in which the tuning capacitors 
were mounted on rubber shock absorbers. 

Appendix I demonstrates how the band-coverage 
capabilities of any inductance-tuned local oscillator 
go up with frequency. With stable, inductance-tuned 
VFOs of high enough frequency to be capable of a 
500- or 1000-kHz tuning range, it should be possible 
to design very simple, general-coverage high-fre¬ 
quency receivers of fairly high quality. 


appendix I 

Here is a little mind sharpener for budding future engineers to 
demonstrate that mathematics is a useful and fascinating tool, and 
for over-the-hill engineers to convince themselves that they are 
still with it. 

The oscillators I have described all tune through a band of fre¬ 
quencies by shifting the frequency of oscillation an incremental 
amount. The shift is accomplished by making incremental changes 
in the inductance of the tuned circuit. The question is: Assuming 
that the total inductance of the frequency-determining circuit is 
shifted by a certain small, proportionate amount, what is the rela¬ 
tionship of the frequency change to the frequency itself? 

First there is the fundamental equation relating frequency to in¬ 
ductance and capacitance: 

f=l/2rs/LC m (1) 

where/is frequency in Hz, L is inductance in henrys, and C is ca¬ 
pacitance in farads. Any other units are taken care of by the use of 
appropriate constants. Now, squaring eq. (1): 

f = / /4n 2 LC 

If we keep the capacitance constant and change the inductance 
by a small amount, dL, the frequency changes by a small amount 
df, so we can write: 

(f + df) 2 = l/4v 2 C (L + dL) 
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Then expanding: 

f + 2jdf + dp = l/4ir 2 LC x 1/(1 + dL/L) 

Substituting p from above for 1/4ts 2 LC, and dropping the 
higher-order term dp, which we can do for small increments: 

P + 2Jdf = p/(l + dL/L) (2) 

Now for small dl./L'. 

1/(1 + dL/L) = 1 - dL/L 

so, from eq. (2): 

p + 2fdf = P(1 - dL/L), 

2f df = -p-dL/L 


508 - f/2 x dL/L (3) 

This equation says that, for small changes, if the change in the 
inductance is a fixed proportion of the inductance itself, dL/L 
constant, then the frequency change is proportional to the fre¬ 
quency being changed but in the opposite direction. This may be a 
fairly useful relationship when one is striving for the maximum 
achievable frequency shift. An analogous relationship is easily de¬ 
rived for capacitance tuning. 

As the frequency-changing surface or object is brought closer to 
the inductive circuit, the inductance becomes smaller, but so does 
the Q, because the eddy-current paths in the metal are resistive as 
well as inductive. As noted before, when the Q is lower, oscillation 
eventually ceases, but before this happens, the oscillator may be¬ 
come a selective noise generator. Even when the oscillator 

cessive noise modulation, making adjacent-channel signals audi- 

maximum achievable frequency shift. With cylinder tuning, the 
limit may sometimes be the fact that the cylinder's curvature does 
not allow close enough coupling to the coil. 

The limitation on how big an incremental band can be covered 
by the methods outlined, and its relationship to frequency, may be 
more complex than indicated by eq. (3). However, in general, the 
higher the local oscillator frequency the larger the band one can 
cover. If eq. (3) holds, then the 165-kHz available bandspread of 
the 9-MHz cylinder-tuned VFO of fig. 4 could be scaled up to 
3-1/3 X 165, or 550 kHz for a 30-MHz oscillator. Actually, I have 
converted the 40-meter direct conversion receiver that I described 
in the January, 1977, issue of ham radio to 15 meters, using a cyl¬ 
inder-tuned local oscillator. This oscillator could easily be made to 
function at 21 MHz with well over 1 MHz bandspread, because I 
coupled the entire oscillator inductor to the cylinder. 

appendix II 

Fig. 11 is a corrected version of fig. 14 in reference 1. It should 
be noted by examining the new figure that the correct tuning 
range of the 9-MHz copper-vane VFO was about 120 kHz. 
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low-power keyer 

and interface 


CMOS and MOSFETs 
in a keyer and switch 
that runs for two years 
off a small battery 


A number of excellent, low-power, CMOS keyers 
have appeared in the literature in the past few years. 
Nearly all consume negligible power in the quiescent 
state, and would seem ideal for portable use or ex¬ 
tended operation from a small battery, except for one 
problem. The interface between the keyer circuitry 
and the transmitter has always been implemented 
with either bipolar transistors or (reed) relays. These 
devices require more current to turn them on than 
the rest of the keyer circuitry. 

I have been using a very simple, three-chip CMOS 
keyer (called HOPKEY MARK-IV) for over four years. 
This circuit has been duplicated by many hams who 
were intrigued by its simplicity and low-power con¬ 
sumption. As you can see from fig. 1, this keyer rep¬ 
resents almost ultimate simplicity. It has no memory, 
iambic operation, or other frills. It just provides the 
basic requirements of self-completing dots, dashes, 
and spaces, and instantaneous operation on key clo¬ 


sure (that is, gated oscillator). A side-tone oscillator 
was included, since, even with only three chips, 
enough gates were left over to make this a no-cost 
feature. 

Before adding the required transmitter interface 
circuitry, the quiescent current drain of this keyer is 
unmeasurable on my equipment (less than 100 nano¬ 
amps). At 50 WPM, with the side-tone oscillator driv¬ 
ing a high-impedance crystal earphone, it draws only 
100 ij .A from a nine-volt transistor battery. This circuit 
keeps on working down to almost three volts, where 
it draws only 20 nA. Resistor values could be in¬ 
creased by an order of magnitude or more if even less 
current drain is desired. However, susceptibility to rf 
pick-up would increase. It is estimated that the bat¬ 
tery would last its shelf life (two years or so) with 
such a light load. However, until recently, I have 
been plagued by an additional one to ten milliamps of 
current drain, just to drive the transmitter keying 
transistors. The recent development of power MOS- 
FET transistors has changed that, 

conventional keying circuits 

Conventional bipolar transistors (and relays), when 
operated as switches, exhibit current gain. In other 
words, only a small amount of current is required for 
them to switch a larger current. For keying a trans¬ 
mitter with a positive (open circuit) potential at the 
key leads, a simple interface (fig. 2A) is normally 
used. The keyer power supply must furnish sufficient 
current through the base resistor to ensure that the 

By Dr. R.A. Reiss, K1HOP, 41 School Road, 
Bolton, Connecticut 06040 
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transistor turns on fully (saturates) with whatever 
collector current the transmitter presents in a key- 
down condition. This requires an additional 1 to 10 
mA of current from the keyer battery. 

For negative potential keying (grid-block), varia¬ 
tions of the circuits shown in figs. 2B and 2C are 
often used. These require a low-going input from the 
keyer, which sinks current from the base and turns 
on the transistor. Circuit 2B requires that R2 be ad¬ 
justed for each particular transmitter in order to keep 
the key-down voltage near zero. The PNP transistors 
for grid-block keying normally have a high-voltage 
rating. Very often, 2N4888 or 2N5416 types are used 
since they will withstand - 300 volts. 

The simple relay interface of fig. 2D generally re¬ 
quires the highest amount of drive current, but 


offers the advantages of positive or negative keying, 
transmitter isolation, and relatively high-voltage 
operation. 

All the above circuits draw current from the keyer 
power supply. While this can be as low as 1 mA in 
some cases, it varies with the type of transmitter to 
be keyed, and is generally many times greater than 
the current required to run the keyer logic. Battery 
life is severely shortened. 

IM-channel MOSFET keying circuits 

Power MOSFET transistors, on the other hand, are 
almost perfect switches. A voltage rather than a cur¬ 
rent is required at the gate to turn them on. Their ex¬ 
tremely high gate resistance draws only 1 to 100 
nanoamps from the keyer. Recent power MOSFETs 
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table 1. N-channel Dower MOSFETs. Those marked with an asterisk contain internal aate-source diode. 


bv dss 

manufacturer type (volts) 

Ferranti ZVN0106A 60 

ZVN0120A 200 

ZVN0335B 350 

ZVN0365M 650 

ZVN0465M 650 

ZVN12A3M 30 

ZVN1304A 40 

ZVN1314A 140 

International IRF123 60 

Rectifier IRF220 200 

IRF322 400 

IRF420 500 

IRF450 500 

IRF513 60 

IRF710 400 

IRF820 500 

Intersil VN10KM' 60 

VN67AF* 60 

IVN5000ANE 60 

IVN5200TNH 100 

IVN6000CNU 500 

IVN6200KNX 800 

RCA RCA9213A 100 

RCA9212B 150 

RCA9195B 150 


l DP R DS (on) V GS (th) 

(amperes) (ohms) (volts) 

0.38 4 2.4 

0.18 16 24 

1.04 3 3.5 

3.04 6 4 0 

6.4 2 4.0 

16 0 2 4 

0.23 10 2.4 

0.16 20 3.0 

5.0 0.4 40 

4.0 0.8 40 

11.0 2.5 4.0 

2.0 3.0 4.0 

10.0 0.4 4.0 

2.5 0.8 4.0 

1.2 3.6 4.0 

1.5 3.0 4.0 

0.30 4 (est) 2.5 

0.60 8 (est) 1.2 (typ) 

0.70 2.5 2.0 

2.00 0.5 2.0 

1.75 4.0 5.0 

2.50 6.0 5.0 

1.0 2.50 ? 

5.0 0.30 ? 

10.0 0.15 ? 


(called VMOS, HEXFET, DMOS, SIPMOS, and 
TMOS by various manufacturers) are enhancement 
mode devices. Unlike their familiar linear MOSFET 
cousins used as rf amplifiers, these devices are nor¬ 
mally off and turn on when the gate is biased in the 
direction of the drain potential. In this respect, they 
look more like bipolar devices, but consume (almost) 
no current. Fig. 3 shows the sheer simplicity of a 
positive-potential MOSFET keying stage. All that is 
required is an N-channel MOSFET transistor. (The 
capacitor across the output simply keeps rf from get¬ 
ting back into the keyer.) However, a few precau¬ 
tions must be observed. 

When not turned on, the transistor must be capa¬ 
ble of withstanding the open-circuit potential pre¬ 
sented by the transmitter. This is no great problem 
since transistors are available with BVqss break¬ 
down ratings of 20 to 650 volts. When conducting, 
the transistor must handle the key-down transmitter 
current. Even small, inexpensive devices have Ipp 
practical current-handling capacities of many hun¬ 
dred milliamperes. Larger devices can switch over 
4 kW. More serious concerns are the devices' on- 
state resistance and threshold voltage. 


power MOSFET characteristics 

A power MOSFET essentially acts like a variable 
resistor (or triode tube) and is characterized by a for¬ 
ward transconductance, gj s . This is the ratio of drain- 
source current versus gate-source voltage. Fortu¬ 
nately, power MOSFETs have high gf S (typically 0.2 
to 4.0 mhos). This means that very large currents 
may be switched with low gate voltages. However, 
there is a limit to how low the on-state resistance, 
R/j S (on), (from drain to source) can be made. This 
will determine the minimum voltage across the trans¬ 
mitter key leads in a key-down condition. In choosing 
a suitable device, one must pay attention to the 
/f os (on) rating at rated transmitter keying current I K . 
The key-down voltage V K will be: 

Vk - Ik*Rds(ou) 

Another concern is that a minimum gate-source 
threshold voltage Ves<th) is required to operate a 
MOSFET. This is normally less than 3 volts and pre¬ 
sents no major problem when the keyer is operated 
from 5 volts or greater. The positive-logic (high- 
going) output of a CMOS (or TTL) keyer is compati¬ 
ble and may simply be connected directly to the gate. 
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In some applications, although not here, two other 
factors become important. These are gate-source 
breakdown and drain-source breakdown due to volt¬ 
age spikes. These factors are particularly important 
when using high-impedance drive circuits and/or 
switching inductive loads. Reference 3 provides a 
good discussion of the sources of these problems 
and effective cures. For resistive switching, simply 
driving with a relatively low-impedance such as 
CMOS at less than 20 volts is normally satisfactory. 
The rf bypass capacitor at the output also limits the 
rate of change of voltage which offers another meas¬ 
ure of protection. 

Keep in mind that power MOSFETs are high-impe¬ 
dance devices. Handling precautions similar to those 
when using CMOS apply. Store in anti-static con¬ 
tainers, do not handle by leads, and use grounded 
soldering equipment. 

Table 1 lists a number of N-channel power MOS- 
FET devices suitable for positive keying applications 
(the references should be consulted for complete list¬ 
ings). It should be noted that some types (marked 
with an asterisk in table 1) have internal reverse 
diodes from gate to source. With such devices, the 
gate must never be allowed to go negative with re¬ 
spect to the source; otherwise the device can self- 
destruct. This situation cannot occur in the present 
application. 

Power rating is generally of little concern in switch¬ 
ing applications since we either have high voltage 
(off) or high current (on), but not both simultaneously. 

Some particular devices I have used with great 
success are the miniature (TO-92) ZVN0106A and 
VN1QKM for keying solid-state QRP transmitters and 
an ICOM-211. These devices cost less than a dollar. 
A very low key-down voltage of less than 20 mV is a 
particular benefit to some modern rigs (such as the 
IC-211), which balk at more than 0.3 volt across the 
key leads. The IVN67AF was used to key the emitter 
of a 10-watt solid-state amplifier. The IVN6000CNT 
was employed to cathode key an older rig using a 
pair of 6146s. 



P-channel MOSFET keying circuits 

Keying a grid-block transmitter (negative potential) 
becomes a bit more involved, yet the same benefits 
may be achieved. Ideally, we would like to use a P- 
channel rather than an N-channel device. Some suit¬ 
able P-channel devices are listed in table 2. To turn 
on a P-channel enhancement-mode, MOSFET re¬ 
quires a negative voltage at the gate. Although this 
would seem to make them incompatible with CMOS 
keyers, the circuit in fig. 4 does the trick. 

The input to this keying stage is the same positive- 
logic (high-going) signal from the keyer as was used 
above. It is inverted and applied to a voltage-convert¬ 
ing circuit composed of a capacitor, resistor, and 
diode. When the keyer is at rest, the capacitor 
charges to almost the supply voltage (normally 5 to 9 
volts). The diode provides a fast charging path. The 
resistor keeps the gate near ground once the capaci¬ 
tor is charged. When a dot or dash arrives, the in¬ 
verter output goes low and the (negative) capacitor 
voltage appears across the gate-source. This turns 
on the MOSFET which keys the transmitter. 

A small amount of charge is removed from the ca¬ 
pacitor during key-down time. However, the RC time 
constant is made very large compared to the longest 
dash. This ensures that the transistor stays on during 
the entire dash. When a space occurs, the capacitor 
rapidly regains its previous charge and is ready for 
the next cycle. With the values shown, the transistor 
can be kept on for over 5 seconds. For long tune-up 


table 2. P-channel power MOSFETs. Fewer types are available than with N-channel, yet they cover a wide 
range of operating characteristics. 


manufacturer 


BV dss Iqp R DS (on) V GS (th> 

(volts! (amperes) (ohms) (volts) 


ZVP0110A 

ZVP0120A 

ZVP0330B 

ZVP0345B 

ZVP0530A 

ZVP12A3M 


- 100 
-200 
-300 
-450 
-300 
-30 


-0.20 16 

-0.13 40 

-0.68 8 

-0.68 8 

- 0.06 200 

-12 0.4 


-3.5 

-3.5 

-4.5 

-4.5 

-4.5 

-3.5 


International IRF9520 -100 

Rectifier IRF9530 100 
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PROGRAMMABLE 
CTCSS 
ENCODER 



G 


• All 37 EIA Tones 
• Quartz Accurate 
• Less than 1 inch square 

AVAILABLE FOR IMMEDIATE DELIVERY 
For more information call TOLL-FREE 
(800) 828-6884 
NY: (800) 462-7242 
CANADA: (416) 884-3180 


FERRITROISICS 


NIAGARA FI 


IE AVE 




fig. 4. Negative-potential MOSFET keying stage. Q1 is 
P-channel MOSFET. C, should be low leakage. C 2 and 
C 3 are 0.001-0.01 ,<F rf bypass. 


periods of greater duration, the key leads should be 
shorted directly rather than using the keying transis¬ 
tor to hold the transmitter on. The value of Ci may 
also be increased to permit longer on time. Be sure 
that Ci is a low-leakage type. A small capacitor 
(0.001-0.01 ^F) from gate to ground may be required 
when operating with large amounts of rf (high 
SWR). This prevents the voltage-inverting circuit 
from acting as a positive peak-clipping rectifier which 
would keep the transistor turned on due to rectified 
rf. Very little energy is used in charging the capacitor 
since the high gate resistance drains off very little 
charge during key-down. Therefore, the power con¬ 
sumption of this circuit is only slightly greater than 
that of the one in fig. 3. 

Use of a small (TO-92) type ZVP0120A permits 
keying up to - 200 volts at 25 mA with less than 1 
volt across the key leads in the on state. Only 20 mV 
appears across the key leads of my HW-100 with this 
circuit. ZVP0345B (TO-39 package) will key -450 
volts at 100 mA with less than 0.8 volt across the key 
leads. 

At last the ideal electronic switch seems to have 
arrived in the form of power MOSFET transistors. 
You can now run your keyer from a tiny battery for 
two years. Anyone for a solar-powered keyer? Or 
how about using rectified rf from the transmitter for 
power? 

As you explore the benefits of these devices, you 
are sure to find many other applications for them. I 
have found that they even work quite well at rf as os¬ 
cillators and power amplifiers. Why not get a few and 
experiment? 


references 

1. VMOS Data Book, 1981. Ferranti Limited. Available for $5.00 from Sales 
Offices and Franchised Distributors. Or. contact Ferranti Electric, Inc., 
Semiconductor Products Group, 87 Modular Avenue, Comm nek, New 
York 11725. 

2. Power MOS Handbook, 1981. Intersil. Inc. 10710 N. Tantau Avenue. Cu¬ 
pertino. California 95014. 

3. HEXFET Data Book, 1981. International Rectifier, 233 Kansas Street. El 
Segundo, California 90245. Available for $3.50. 
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NEW, 

THE 

\ FCC / 

RULE/ 

\book/ 


MARCONI WIRELESS TELEGRAPH CO. Slock Certifi¬ 
cates. Authentic 1914 certificates. Irom Ihe pioneering 
days ol radio, are rare antiques and valuable invest¬ 
ments Suitable lor framing Only $38.95 including his* 


SS8 CONVERTER — CV-1982/TSC-26. 455 kHz. # 50 
Ohms Input. Audio ® 600 Ohms output. Carrier. Subcar¬ 
rier. Audio metered. Working Condition $80.00. N. E. 
Utsche. P O. Box 191, Canandaigua. NY 14424. 
RTTY-EXCLUSIVELY lor Ihe Amateur Teleprinter. One 
journal index. PO Box RY. Card!11. CA 92007. 


Nothing to cut or glue. Complete $100.00. N 
Wildcat Canyon Road. Berkeley. CA 94 


MICHIGAN: The 13th annual Livonia Amateur Radi 
Club's Swap n Shop. Sunday. February 27. from 8 AM I 
4 PM. Churchill High School, Livonia. Refreshments an 
free parking. Reserved 12 It table space available. Ta: 
in on 144.75/5 35 ari:l 52 simplex For information SAS 




NEW JERSEY: Shore Points ARC invites everyone to 
Spring test W. Saturday, March 12. 9 AM to 3 PM, Atlan¬ 
tic County 4-H Cenler. Route 50, Egg Harbor City (near 

sellers Covered outside tailgating spaces. Admission 
$3 00 at gate; $2 50 advance Sellers $5.00 per space 
(bring own table) XYL's and children tree. Refreshments 
available. Talk m on 146,985 and ,52 For into and reser¬ 
vations: SPARC. PO Box 142. Absocon. NJ 08201. 


Every ham needs a copy of the current 
FCC Regulations. The FCC Rule Book 
goes one step further by presenting 
explanations of the rules in the popular 
"Washington Mailbox" style adapted 
from QST. You will also find addresses 
of FCC field offices, international 

cal operation and third party traffic, 
and a chart of available Amateur 
Radio frequencies including the 
WARObands. Pocket-size. Only $3 
in the U.S. $3.50 elsewhere. 


IE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 
NEWINGTON. C 


10 METER PROFESSIONALS: Your rig or buy 
- AM/FM/SSB/CW. Certified Communications. 


HAMS FOR CHRIST - Reach other Hams with a Gospel 
Tract sure to please. Clyde Stanfield. WA6HEG. 1570 N. 
Albright, Upland. CA 91786 


Coming Events 

ACTIVITIES 

“Places to go...” 


ILLINOIS: The Sterling/Rock Falls Amateur Radio Soci¬ 
ety's 23rd annual Hamfest. March 20. Sterling High 
School Fieldhouse, 1608 Fourth Avenue. Sterling. Tick¬ 
ets $2.00 advance; $2.50 door. Distributors, dealers and 
large Ilea market Free parking and space for sell-con¬ 
tained campers overnight. Doors open 7:30 AM. For tick¬ 
ets. tables and information: Sue Peters, 511 8lh Avenue, 
Sterling, IL 61081 or call (815) 625-9262. Talk in W9MEP 

KENTUCKY: The annual Glasgow Swapfest. Saturday, 
February 26. 6 AM, Glasgow Flea Market Building, 2 
miles south of Glasgow off highway 3tE, Heated build- 


tarts at 8 PM Admission $1 00. Club commission 10% 
in first $50 ol each sale, above which a (fat fee of $5 will 
e charged Commissions cash only, Refreshments 
vatlable. Talk in on WR2ADE. 146 385/146.985 or 146.52 
Itrect. For Informabon SARA. PO Box 3. Whippany, Nj 


NEW YORK: LIMARC, The Long Island Mobile Amateur 
Radio Club's indoor Hamlest, February 20. Electricians 

eral admission $3.00 Advance sellers table only $10.00 
to Hank Wener. WB2AIW. 53 Sherrard Street. East Hills. 
NY 11577 or 10 PM to Midnight (516) 484-4322. Relresh- 
moms available: For information Sid Wolin, K2LJH (516) 
379-2861 nights, 


at. Sunday, February 13. Richland County Fairgrounds. 


lion. Tables 510 in main display area. S6 in annex. Gen- 
eral admission $3.00, Tailgating weather permitting. Talk 
in on 146:01/61. 147.615/015. 146.52. Send reservations to 
Hamlest Committee. RD Hi, Box 56V, Blue Ball. PA 
17519. Checks payable to SERCOM, Inc 
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Microwave and more. 

<CO QE ' 1,; UUtiL5 51 

All FOR \pU.e3 aniimaniui6 


• and inslruclions. 

Model AS-1 

BATTERY SAVER KIT 
Model BS-1 


•1-10 Watts Input 
• All-mode operation 
•5 year warranty 
model: 

B1016 (2 meters) 

1W In = 35W Out 

2W In = 9QW Out _ 

1QW In = 16QW Out _ 

with RX preamp! 

$2 79.95 



Amateur Radio Today 

A Mini-Magazine offering timely 
material on a professional basis for all 
active Radio Amateurs. A.R.T. is 
six pages, produced bi-weekly on 
high quality stock using magazine 
production techniques. Money back 
guarantee for your $26/yr. subscrip¬ 
tion or a quarterly trial (six issues) for 
$5. See what we've covered recently: 

• 10.1 MHz opens for Amateurs • How low 
should your transmitted wave angle be? • 
CQWW phone and cw contests • Sweepstakes 

• Cordless telephones • FCC ideas on 1500 
watt output power for Amateur Service • 
Manufacturer responses to 10.1 MHz equip, 
mods. • Six-meter openings • Calculate your 
system noise figure • Worldwide network of 
20-meter beacons • 900 MHz ssb • 160-meter 
DXing » big antennas at K2GL • Antenna 
heading calculations • Review of Yaesu 
FT-102, 1COM-740. and others • Meteor scat¬ 
ter • The Satellite Program • Interview with 
Madison Electronics • and much, much more! 


FEBRUARY 15, 16; International DX Contest sponsored 
by the America Radio Club. Contacts with a Club DX 
Group member must be made during 0400 UTC, February 
15 to 2400 UTC. February 16. Suggested frequencies: All 


PROJECT OSCAR, Inc. Is preparing a new set ol orbital 
predictions for the period covering the calendar year 
1983. The predictions will provide the UTC times and Ion- 
gitude for all south to north equatorial crossings ot 
AMSAT OSCAR 8 (A08) and the 4 Russian satellites car- 
rying transponders <RS5, RS6. RS7 and RS8). Minimum 
donation ol S10.00 lor mailings to the US.. Canada and 


OSCAR. |nc a The e don°at»on cole% d me P cost b o e f f°st class 
mailing within the U.S.. Canada and Mexico and airmail 
printed matter to overseas destinations. Project OSCAR. 
Inc., POB 1136. Los Altos. CA 94022. 

WOULD LIKE TO GET IN TOUCH with other hams who 
are involved in emergency services, paid or volunteer, 
particularly those In emergency medical services (EMS) 


FORMING A NATION-WIDE NETWORK ol motorcycling 
check In on 3967 kHz at 03002 Thursday evenings. Every- 


WORKSHOP: Personal Microcomputer Interlacing ar 
Scientific Instrumentation Automation, March 21-2 
1983. $595.00. The workshop is hands-on with parlh 
pants designing and testing concepts with the actu 


1W In = 15W Out 


2W In = 30W Ol 

it 

lOW In = 60W C 

)ut 

with RX preamp! 

DIOIO (430 

1W In = 20W Ou 

$199.95 

-450 MHz) 

t 
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i 
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There's more, 
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ham radio 


TECHNIQUES , 


Welcome to the new 10-MHz 
band! For those contemplating oper¬ 
ation on this new portion of the spec¬ 
trum opened in late 1982 to Radio 
Amateurs, here's some information 
that may be of interest. 

experimental tests 
run in 1982 

During 1982, several U.S.A. Ama¬ 
teurs had the privilege of conducting 
tests on the 10-MHz band using ex¬ 
perimental licenses. The license is 
granted under Part 5 of the FCC rules 
for the Experimental Radio Service. 
This was not an Amateur license, and 
communications between experimen¬ 
tal stations and Amateur stations 
were not permitted. Licenses were 
granted by the Office of Science and 
Technology of the FCC on proof of 
necessity, with strict requirements 
concerning frequency, power output, 
and operating practices (fig. 1). 

The purpose of the ensuing tests 
conducted over a period of a year 
was to determine the characteristics 
of the 10-MHz band, to test various 
antenna designs for the band, and to 


see if Amateur-style operation was 
feasible among the various commer¬ 
cial stations occupying the band. 
Power limit for the experimental sta¬ 
tions at first was very low, but was 
gradually raised as I gained operating 
experience. Now that the band is 
open for general operation in the 
United States, the need for the exper¬ 
imental 10-MHz transmissions has 
ceased and plans are afoot for in¬ 
vestigation of the future 18 and 24 
MHz Amateur assignments. 

A formal report on 10-MHz experi¬ 
ments will be filed with the FCC, but 
the investigations of KM2XDW 
(W6SAI) may be of general interest 
to the readers of this column. 

10-MHz operating 
conditions 

After conducting tests across the 
United States and receiving overseas 
reception reports from Europe, Af¬ 
rica, and Australia, aided by hun¬ 
dreds of hours of monitoring the 
band, I've come to the conclusion 
that 10 MHz resembles 7 MHz more 


than it does 14 MHz. Long-distance 
DX is workable on 10 MHz much as it 
is on forty. Some mouth-watering 
signals have been logged: FB8WG, 
VK9YC, ZS, VK, and ZL, plus sta¬ 
tions in Malta, Greenland, the Philip¬ 
pines, Japan, Indonesia, and South 
America. Over forty-five countries 
were noted as the year progressed 
and Amateur activity increased. 

Even so, there were long periods of 
time during daylight hours, particular¬ 
ly in summer, when no signals were 
heard, aside from the 40-kW RTTY 
signal of NAA (Cutler, Maine) on 
10.130 MHz. Summer static levels 
were high (compared with 20 
meters), and only during hours of 
darkness was the band open for long¬ 
distance communications. 

During the winter months, on the 
other hand, the 10-MHz band opened 
to Europe, Africa, and South Amer¬ 
ica as early as 2200Z in the afternoon 
(in California). Most signals were 
weak, as the DX stations seemed to 
be running 100 watts or less into 
makeshift antennas. On the other 
hand, VK9YC, using 100 watts into 
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an inverted-V at about 40 feet, was as 
regular as clockwork almost every af¬ 
ternoon on the West Coast via the 
long path. Sometimes he was accom¬ 
panied by VK6 signals from Western 
Australia. And these DX catches 
were mixed in among plenty of sig¬ 
nals coming short path from Europe! 

In the morning hours, around sun¬ 
rise, the 10-MHz band was wide open 
to the Orient. When the Japanese 


Amateurs were finally allowed on the 
band, several were heard running 
only 10 watts into a loaded 20-meter 
dipole. And a few signals from Indo¬ 
nesia and Australia banged in, too. 

Just below the 10-MHz band sev¬ 
eral out-of-band broadcasting sta¬ 
tions in Vietnam could be heard. 
These served as excellent propaga¬ 
tion check points for the Asian 
opening. 


10-MHz antennas 

Most of the 10-MHz Amateur sta¬ 
tions heard during 1982 used simple 
makeshift antennas — center-fed an¬ 
tennas, inverted-Vs, long wires, and 
the like. One Scandinavian Amateur 
had a large V-beam (intended for 40- 
meter operation) aimed at the United 
States, and his signal was an out¬ 
standing one from Europe. No doubt 
some DXer will come up with a 30- 
meter rotary beam one of these days! 

The experimental license afforded 
me an interesting opportunity to 
check simple antennas, as there was 
no interference if the operating fre¬ 
quency was carefully picked. During 
good conditions, contact could be es¬ 
tablished from California to New York 
on 10.125 MHz at almost any hour of 
the day or night. 

Each station had two antennas that 
could be quickly interchanged — 
KM2XDW in California had an in¬ 
verted-V with the apex at about 50 
feet and a quarter-wave ground plane 
whose base was about 12 feet above 
ground. The ground plane had eight 
radial wires. These specific antennas 
were chosen as representative of typ¬ 
ical, inexpensive types that were well- 
suited for 10-MHz service. KM2XDU 
(W2LX) in New York had a dipole at 
about 45 feet and a similar ground 
plane at the same base elevation as 
that of KM2XDW. 

Over the California/New York path 
the inverted-V and the dipole were in¬ 
variably better than the ground 
planes by 3-6 dB. In addition, man¬ 
made noise was appreciably lower on 
the horizontal antennas than the ver¬ 
ticals. KM2XDW ran listening tests 
on European signals and also on 
VK9YC (Cocos-Keeling Island), and 
in all instances the inverted-V pro¬ 
vided a more readable signal than the 
ground plane. The conclusion I reluc¬ 
tantly reached was that a ground 
plane antenna is satisfactory, but a 
simple dipole or inverted-V whose 
center is a half-wavelength high, or 
more, is a better antenna. 

Ground conductivity in the vicinity 
of the station appeared to enter the 
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picture. KM2XDU (W2LX) seemed to 
feel that his ground plane was on a 
par with the dipole as far as reception 
went. His ground conductivity was 
very good, with the water table just 
below the surface. At my station, 
where ground conductivity is poor, 
results obtained with my ground 
plane were not impressive. This 
points up the interesting idea that 
good ground conductivity may play a 
large part in cases where a DXer has 
had above-average results with a ver¬ 
tically polarized antenna. 

point-to-point operation 

The frequent schedules between 
KM2XDU, KK2XJM (Florida), and 
KM2XDW reminded me that Ama¬ 
teur communications is generally a 
random operation. It is usually pos¬ 
sible to contact somebody some¬ 
where, unless the band has dropped 
out. Point-to-point operation is en¬ 
tirely different. The stations are 
locked in a specific route and if that 
propagation path isn't open, no com¬ 
munication exists, as there isn't any¬ 
one else to talk to. 

High power and beam antennas 
can make a questionable path worth¬ 
while. Many times the 100-watt-plus 
dipole signal of KM2XDU would be 
running S-zero in California and the 
40-kW-plus-beam signal of NAA in 
Cutler, Maine (not many miles from 
KM2XDU), would still be very clear at 
S7 to S9. 

Monitoring other foreign Amateurs 
pointed up the fact that 100 watts 
and a dipole antenna were sufficient 
for plenty of good DX operation on 10 
MHz, and KM2XDW in California re¬ 
ceived good reception reports from 
Europe when running that power 
level during his one-way transmis¬ 
sions. 

SSBorCWon 10 MHz? 

The experimental stations had the 
luxury of running SSB transmissions 
back and forth, and no problems 
were encountered. But the practicali¬ 
ty of SSB could come into question 
when the 50-kHz-wide band becomes 
more populated. How much of the 


band can be allocated to SSB trans¬ 
missions? During daylight hours, 
there's no reason why the whole 
band can't be opened to SSB as the 
DX opportunities are few. But at 
night, when long distance contacts 
(and long distance QRM) abound, 
SSB transmission doesn't seem very 
practical. Perhaps a temporary 
U.S.A. authorization of SSB trans¬ 
mission from, say, 1400Z to 2200Z 
may be the answer. Amateurs have 
never had a general time restriction 
on a band, and perhaps this is the 
ideal chance to try one out. In any 
event, it might be a good idea to 
avoid contest-style operation on this 
band, at least until Amateurs get a 
feel for the operating conditions in 
this narrow sliver of the spectrum. 

the Swiss cheese effect 

An interesting "operating hazard" 
became apparent shortly after the 10- 
MHz point-to-point tests were 
started; it was immediately called the 
Swiss cheese effect. It had been 
noted before on other bands, but not 
to the degree apparent at 10 MHz. 
The effect was simple — during a 
contact signals would rapidly drop 
out for a period of seconds or min¬ 
utes, then build up to normal strength 
again. The Swiss cheese effect was 
different from the type of fading nor¬ 
mally encountered; it seemed almost 
as if a hole had opened in the iono¬ 
sphere and the signals had somehow 
fallen into it. Sometimes the iono¬ 
spheric hole lasted for only seconds, 
at other times it lasted up to three or 
four minutes. 

It has been suggested that the ion¬ 
ospheric hole could be avoided by 
moving transmitter frequency a few 
tens of kilohertz, insofar as the hole 
may be frequency sensitive. Tests are 
underway to determine if this is so. 

If these ionospheric holes exist, 
they might explain the mysterious 
and frustrating situation where a DXer 
seemingly cannot contact a faraway 
station, when other Amateurs in his 
vicinity and with comparable equip¬ 
ment seem to work the station with 


putting the Collins KWM-2 
and S-Line on 10 MHz 

Some of the newer pieces of equip¬ 
ment are ready to go on 10 MHz now, 
or can be put in the transmit mode by 
a simple modification. Older equip¬ 
ment, however, may take extensive 
modification to reach the new band. 

The Collins KWM-2 and S-Line, 
happily, fall between these extremes 
and can be made operative with only 
a little effort by the owners. The fol¬ 
lowing dataapplies to the KWM-2 spe¬ 
cifically and to the S-Line generally. 

For either model, new conversion 
crystals are required; one for the 
KWM-2 and two for the S-Line.* The 
20-meter range is used for 10 MHz, 
and I placed the new crystal in the old 
WWV position (14.8 to 15.0 MHz). 
This left the 20-meter ham band intact. 

It is a good idea to put a small label 
marked 10.0-10.2 MHz on the band- 
switch so you won't get mixed up 
changing bands. Once the crystal is 
installed, the exciter tuning control is 
adjusted to approximately 3.1 and 
then peaked for maximum back¬ 
ground noise. PA tuning is approxi¬ 
mately 3.3. 

The transmitter is now ready to be 
tested. Since the output amplifier had 
been adjusted for 14 MHz operation, 
it requires some additional tweaking 
to permit proper loading at 10 MHz. 
As is, the amplifier stage may be 
overcoupled to the antenna at 10 
MHz and additional output capaci¬ 
tance in the amplifier pi-network is re¬ 
quired for efficient operation (fig. 2). 
The capacitors in question are C-155 
and C-152 (see instruction manual). 
These are mica compression types lo¬ 
cated on the chassis near the two 
control relays at the rear of the deck. 
They may be adjusted either from the 
top or from under the equipment. 

Capacitor C-155 is permanently in 
the circuit and is normally adjusted on 
the 10-meter range so that the main 
loading control reads 50 ohms when a 
50-ohm load is attached to the anten¬ 
na receptacle. Capacitor C-152 does 
the same job on the 20-meter range 
and is switched into the circuit by 
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segment S-8 of the bandswitch. Note 
that in some early equipment C-155 
may have a maximum value of 120 
pF, and in later equipment C-155 may 
have a capacitance at 320 pF. If yours 
has the lower value capacitance, it 
will be very difficult to achieve proper 
loading on 10 MHz. 

In any event, the technique is to in¬ 
crease the capacitance of C-152 to 
maximum value to achieve proper 
loading when the equipment is oper¬ 
ated on the 30-hieter band. If over¬ 
coupling still exists, then capacitor 
C-155 is adjusted to maximum value. 
(For normal operation on 20, 15, and 
10 meters, these capacitors must be 
returned to their original settings.) 

To eliminate the necessity of mak¬ 
ing these adjustments, an auxiliary 
loading capacitor may be connected 
directly across the antenna receptacle 
of either the S-Line or the KWM-2. A 
350-pF broadcast-type capacitor will 
usually do the job. If additional load¬ 
ing capacitance is needed, a 200-pF, 
1-kV mica capacitor can be paralleled 
with the variable capacitor. 

The final stage is to realign the 
small variable padding capacitors in 


the receiver rf section for maximum 
gain at 10 MHz. This may be done by 
ear. If the 14-MHz setting of these ca¬ 
pacitors is marked on the chassis with 
a pencil, it will be but a matter of sec¬ 
onds to realign the receiver to 14 
MHz. 

Other equipment, such as Drake, 
can be placed on the new band with 
the addition of a conversion crystal. 
However, it may still be necessary to 
realign the receiver section for maxi¬ 
mum gain at 10 MHz and to deter¬ 
mine if the pi-network of the trans¬ 
mitter will load into a 50-ohm system 
before you go on the new band with 
your first CQ call. 

I'd be pleased to hear from our 
readers about how they get their 
equipment working at 10 MHz. If 
there are any interesting problems, I'll 
be happy to print them in this column 
for the benefit of all. 

ham radio 
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the Bobtail curtain 
and inverted ground plane 
part one 


History and useful information 
by the originator 
of this popular DX antenna 

Woody Smith. W6BCX, the originator of the Bobtail Curtain, pro¬ 
antenna, using a Q & A format. Some of our older readers will rec¬ 
ognize him as the previous editor of Radio (predecessor to CQ mag¬ 
azine). This article is well worth reading carefully. Editor. 

I was flagged down recently at the monthly TRW 
(Los Angeles) Swap Meet by an old timer I hadn't 
seen for twenty-five or thirty years. 

"Hey, Woody, I'm sure glad you are wearing jumbo 
call letters. As I recall you used to be pretty sharp on 
antennas. The wife and I just retired to a place in the 
country with enough room for me to put up some de¬ 
cent antennas for a change, and I sure need some 
help. 

"Over the last several years I've been reading lots 
of good things about a 40 and 75 or 80-meter array 
called the Bobtail Curtain that's supposed to do a real 
job on DX, and I'm thinking of putting one up for 75 
meters. Do you know enough about the Bobtail to 
answer a couple of questions I haven't found an¬ 
swers to?" 

"Well," I replied as I looked away and scraped a 
circle with my big toe in a futile attempt to feign 


modesty, "if I can't answer them authoritatively I de¬ 
serve to be embarrassed. I wrote the original article 
on the Bobtail, back in 1948." 

"Nineteen hundred what did you say?" 

"It appeared in the April, 1948 issue of CQ under 
my name, with the title 'Bet My Money on a Bobtail 
Beam,'" I added. Then, seeing as how he was duly 
impressed with my credentials, I proceeded to 
answer his questions, all of which I had been asked 
before at one time or other. 

Because certain questions have kept recurring 
over the years, a recap of those particular questions 
along with brief answers would seem to be in order. 
Also included are historical data on the evolution of 
the Bobtail from the inverted ground plane (IGP). 
The IGP has not received the recognition and popu¬ 
larity it deserves as a highly effective 40 and 75-meter 
omnidirectional antenna for long-haul DX. Then, for 
the benefit of those who always like to know all 
about the why, some additional details and informa¬ 
tion will appear in Part II of this article. 

basic Bobtail Q & A 

Q. My 40-meter Bobtail does an amazing job on DX 
compared to my old antenna, but I don't have room 
for a 75-meter Bobtail. What if I put up only half a 
Bobtail on 75, with two tails instead of three? How 
should I feed it? 

By Woodrow Smith, W6BCX, 2117 Elden Ave¬ 
nue, Apt. 20, Costa Mesa, California 92627 
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fig. 1. This simple 30 up and 30 out 

was responsible for 

lots of real DX on 40 back in the good old days. The 
copper toilet ball often was employed by the supersti¬ 
tious as a DX talisman (and by the author just for insur¬ 
ance). In 1928 the single-wing radial, then called a 
counterpoise, frequently was engineered to be about 
clothesline high (no driers in those days). 


A. The three-element version is the elegant version, 
with better suppression of end-fire high-angle lobes 
from the horizontal section as compared to a two- 
element version without end radials. If end radials 
(extending out beyond the vertical elements) were 
employed on a two tailer, the horizontal space taken 
up would be the same as for the standard three-ele¬ 
ment Bobtail. A two-tailed version, by the way, actu¬ 
ally is two-thirds of a three element, not half. 

For gain, the two-tailed version without end radials 
(nowadays sometimes referred to as the half square, 
per K3BC) is nearly as good as the three tailer if prop¬ 
erly fed. I'm partial to feeding the bottom of either 
leg via a resonant tank. Refer to the answer to the 
third question regarding coax feed. 

Q. I'm going to have trouble getting poles up high 
enough on 75 meters. Can I cut off 15 or 20 feet from 
the tails of a 75-meter Bobtail by inserting loading 
coils in each tail near the bottom? If so, how far up 
should they be placed? 

A. Yes, go ahead. On 75 I would place the coils up 
about 5 or 6 feet from the bottom. Don't shorten the 
poles and the tails any more than you have to, or the 
business part (top) of the vertical radiators won't be 
able to "see out" as well. Construction of suitable 
loading coils will resemble good quality trap coils. 
Any loss in performance other than a slight reduction 
in bandwidth will be a result of the lower antenna 
height. There will be very little loss in gain when 
using coils if the Q is reasonably good. 

On 40 meters I see no excuse for loading coils. I 
would use poles at least 40 feet high so the current 
loops are well up off the ground. With poles this high 
on 40, no loading coils are required. If nearby build¬ 


ings are more than one story, still higher is better yet. 
Keep in mind that the tops of the vertical elements al¬ 
ways like it better when they can see out. 

Q. Why can't I just feed one of the current loops of a 
two-tail Bobtail with coax? How well will it match 50 
ohms? 

A. You can feed it that way, and it will work, and the 
VSWR will be tolerable. The coax should be brought 
down at a 45-degree angle toward the center, not to 
the side or outside, until at ground level. Then take it 
where you want. There is no way to dress the coax 
that will avoid completely all undesirable coupling to 
the far side of the antenna, and this will result in 
some antenna effect on the coax. Fortunately, it will 
not be bad enough to cause serious problems. Unfor¬ 
tunately, coax will not work satisfactorily at half or 
twice frequency. 

Q. When three vertical elements are used with bot¬ 
tom feed of the center element, how does the cur¬ 
rent compare in the three elements? Is it the same in 
all three, or twice as high in the center element? Or 
something in-between? I've heard arguments about 
this. 

A. Intuitively one might conclude that the current 
distribution is 1-2-1 (binomial). But I learned long ago 
to be wary of deductions that are immediately obvi¬ 
ous. What if the complex mutual impedances exist¬ 
ing between the various elements should produce a 
significant effect upon the current distribution? 
These impedances and the net effect are quite diffi¬ 
cult to calculate. The original article stated simply 
that the current is considerably greater in the center 
element. Measurements taken subsequently with the 
aid of a spotting scope confirmed that the distribu¬ 
tion in a typical installation approaches 1-2-1. 

Q. In your CQ article and in the description of the 
Bobtail in your book The Antenna Manual you show 
inductive (link) coupling between the feedline and 
the parallel resonant matching tank that voltage 
feeds the driven element. Can't I just use a variable 
tap instead, or maybe a tapped L-network? It would 
be easier to adjust than a link. 

A. Inductive coupling was chosen primarily to cut 
down on possible receiver front-end overload and 
cross modulation. A 40-meter three-element Bobtail 
looks like a big omniverous Marconi to 160-meter and 
broadcast-band signals. If you don't have any 160- 
meter friends nearby or any high power a-m broad¬ 
cast stations within a few miles, you should have no 
trouble using a tank or L-network with a variable tap 
on the coil (in lieu of the inductive link). You can al¬ 
ways add a 50-ohm highpass filter designed for about 
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2500 kHz cutoff if you do happen to come up with a 
cross-modulation problem. 

Q. In your description of the Bobtail Beam in the 
Antenna Manual, but not in your CQ article, you 
mention the use of a small ground screen under the 
bottom end of the driven element. How important is 
this? What are the benefits? 

A. Such a screen makes a highly effective rf ground, 
much better than something buried in or driven into 
the soil, for a ground-independent antenna (meaning 
one which has little current flowing to ground or 
ground substitute at the feedpoint). The Bobtail falls 
in this category. Resonant radials above ground get 
in the way, are not required for efficient operation of 
a Bobtail, and may actually upset the pattern under 
some conditions. 

An earth ground is useful primarily for lightning 
protection, and even if one is employed near the 
feedpoint for this purpose, a small ground screen in 
addition is recommended. Grounding considerations 
are covered in more detail in connection with further 
discussion of feed methods. 

evolution of the Bobtail 

The Bobtail may be considered as a broadside 
array of co-phased quarter-wave radiating elements 
configured as inverted ground planes. Let's start this 
Bobtail discussion with a review of the inverted 
ground plane before progressing to an array using 
them. 

If you have trouble accepting a ground plane with 
only one radial, don't. Maybe the definition of 
ground plane has to be stretched a bit, but in the late 
1920s (with some still in use in the early 1930s) there 
was a widely used 40-meter DX antenna often re¬ 
ferred to as the 30-30 (fig. 1) which could be consid¬ 
ered a ground plane flying on just one wing. It used a 
vertical quarter-wave radiator in conjunction with a 
neck-high quarter wave horizontal counterpoise 
which was nothing more than a single above-ground 
radial. 

When the hams moved from 160 meters to 80 and 
then to 40, the easiest thing to get going in a hurry 
was a scaled-down antenna-counterpoise arrange¬ 
ment used on the lower bands. Usually the 30-foot 
radiator and the 30-foot counterpoise were brought 
in directly to the rig, placed by a window to keep the 
inside leads short. Feedline? Who needs a feedline? 
The overall length, with a sum total of about 60 feet 
outside, was just about right for series tuning to reso¬ 
nance by means of a variable capacitor, more often 
known in those days as a variable condenser. 

Sometimes a copper toilet ball was placed atop the 
vertical radiator as a combination DX good luck 
charm and top-loading capacitance that substituted 


for the multi-wire flat top on a 160-meter Marconi. 
One big gun DXer claimed it put some kind of DX 
English on the radiated wave, while the small-caliber 
crowd always looked to see if he had tongue in 
cheek. Yes, I used a copper toilet ball. Just in case. 
No use taking any chances. Besides, nobody had 
proved yet that the ball did not do any good. 

Don't ever pooh-pooh this venerable antenna, be¬ 
cause its record of DX worked on 40 speaks for itself. 
Back in the late '20s a local ham friend worked (QSL 
confirmed) what was then Madagascar, now Mala¬ 
gasy Republic, on 40-meter CW a half hour before 
local sunset, running about 50-watts input. Yes, he 
did it with his trusty 30-30, complete with toilet ball. 
The rig used a 210 7-1/2 watt triode in a self-excited 
oscillator, and except for tube type, was typical of 
perhaps half the CW rigs on the air. Not too shabby 
from California, even if conditions did happen to be 
especially good at the moment. From a decent loca¬ 
tion and with good conditions such results then were 
commonplace enough with a 30-30 to be considered 
only slightly amazing. 

Actually, the old 30-30 corresponds to a modern 
trap vertical that uses about 30 feet of effective verti¬ 
cal radiator on 40 meters working against an above¬ 
ground resonant radial. The toilet ball, when used, 
did add to the effective height, but without a loading 
coil probably not very much. 

the center-tapped Windom 

While the 30 up and 30 out was popular as a simple 
yet effective 40-meter DX antenna, the traffic and 
rag-chewing crowd on 40 had their very own favorite 
for short- and medium-haul work. This was the 
single-wire-fed Hertz, oriented horizontally at 30 to 
40 feet. Its performance out to several hundred miles 
was such that its popularity and reputation were well 
deserved. And it was the ultimate in simplicity. 

The antenna first got media attention in an article 
by Williams, 9BXQ (no W prefix back then), appear¬ 
ing in the July, 1925, issue of QST. This was fol¬ 
lowed by several others over the next few years. 

As the name implies, this dipole antenna was fed 
by a single wire attached to a super-magic point on 
the dipole between 1/7 and 1/6 of the antenna 
length from the center. The exact point for minimum 
VSWR varied with feeder and antenna wire sizes and 
with surrounding objects, particularly ground. 

This does minimize standing waves on the feeder, 
often bringing the VSWR very close to 1.0 if the di¬ 
pole length also is correct. But contrary to a miscon¬ 
ception widely held at the time (and still somewhat 
prevalent), unity VSWR does not eliminate radiation 
from (and pick-up by) the single-wire feeder. 

Reduce radiation and pick up? Yes, some. Elimi¬ 
nate it? No. We have simply converted the line to a 
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traveling wave radiator (antenna). Minimizing the 
VSWR alters the pattern of radiation from the feed¬ 
line somewhat, and reduces but by no means elimi¬ 
nates the net feedline radiation and pickup. 

By 1929, enough conflicting information was float¬ 
ing around on the proper method of arriving at the 
magic tapping point for the feeder that Loren Win- 
dom, W8GZ, was prompted to write what has be¬ 
come a classic article on the subject. The article 
appeared in the September, 1929, issue of QST, and 
made it unnecessary to fret or argue over the subject 
any further. 

Remember the Yagi-Uda situation, where the Eng¬ 
lish-speaking Mr. Yagi (later Dr. Yagi) made it very 
clear in his classic 1928 IRE Proceedings paper that 
he was merely reporting on the work of Professor 
Uda, who had developed a clever new parasitic array 
a couple of years before? Well, the same thing hap¬ 
pened with the single-wire-fed Hertz. Much of the 
early work was done at Ohio State University, and 
W8GZ gave them full credit. W8GZ made it very clear 
that he was acting solely as a reporter and was claim¬ 
ing no credit for collaborating on the actual devel¬ 
opment. 

Nevertheless, over the years the single-wire-fed 
Hertz became better known as the Windom. In fact, 
in Great Britain it was generally referred to as the 
Windom almost from the day the article by W8GZ 
first appeared. Dr. Hideji Yagi, meet our Mr. Loren 
Windom, another reporter on antenna develop¬ 
ments. He, too, unwillingly became world famous for 
an antenna he did not develop or invent. 

Back when horizontal Windoms were common, an 
acquaintance of mine with one at 40 feet kept insist¬ 
ing that he could raise DX easier if he changed the 


match by sliding the tap a bit toward the center. He 
wondered if there were some easy way to figure out 
where the optimum DX tap should be attached with¬ 
out moving it a few inches at a time and comparing 
results (not too practical). 

At first he thought I was kidding when, after get¬ 
ting suspicious as to what actually was going on, I 
suggested he move the tap to the exact center and 
see what happened. How about dropping the feeder 
straight down for about 33 feet, then cut it there and 
voltage-feed the bottom end with the Zepp feeders 
he had saved when he converted his Zepp to the 
Windom? 

About a week later he called me breathlessly to 
announce that the new antenna was working so well 
that over the weekend he worked some new coun¬ 
tries. He would have phoned me sooner except that 
he was too busy working DX, he explained. 

upside down is better 

On-the-air tests showed that this inverted configu¬ 
ration of what today would qualify as a two-radial 
ground plane consistently outperformed typical 
30-30 installations on long-haul DX. Subjectively the 
improvement appeared to be at least a full S unit 
(then called an R unit). 

Tests run more recently confirm that there is only 
one way to get a regular ground plane to perform as 
well as an inverted one. That is to get the whole 
ground plane up in the air where it is well removed 
from ground and pretty much in the clear. But on 40 
and particularly on 75/80 meters this seldom is 
feasible. 

Pat Hawker, G3VA, editor of the RSGB (Great 
Britain) book Amateur Radio Techniques, long ago 
recognized the advantages of turning a ground plane 
upside down at high frequency. For years Pat has 
been hawking (excuse me, extolling) the merits of 
the inverted ground plane for DX in his book. 

the Bobtail takes shape 

When it came time for me to get something back 
on the air after WW2, I recalled the results obtained 
from an inverted ground plane on 40-meter DX, and 
got to wondering: Is there something I could squeeze 
on my lot that would do a better job on 40-meter DX 
than an inverted ground plane? How about two of 
them in phase (fig. 2), oriented so the bidirectional 
pattern would cover the most important geography? 
How about using only one radial for each vertical ele¬ 
ment and bringing the radial ends together so that 
only two poles would be required? The half-wave 
spacing would be just right for broadside (in phase) 
operation of the vertical elements. And the voltage 
and phase at the tips of the two upstairs radials 
would be the same and therefore could be joined. 
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The antenna now would resemble nothing more 
than a bent fullwave antenna; so it should be pos¬ 
sible to get away with feeding only one end (either 
end). The radiation from the two halves of the hori¬ 
zontal section should cancel well enough that the 
spurious end-fire lobes from the horizontal section 
don't represent much wasted power. Receiving, 
these minor lobes are going to pick up off-axis QRM, 
but it shouldn't be too high a price to pay for such 
simplicity. 

With the project barely past the bill of materials 
stage, came an unsurmountable obstacle: I would be 
moving. There was nothing to do but abandon the 
project. The trouble was that having gotten all 
steamed up about the new brainchild, I just couldn't 
stand not having somebody, anybody, put one up to 
confirm my expectations. So I approached some of 
the local DX, golf, fishing, and self-styled world-class 
antenna experts and tried to interest at least one of 
them in putting up a 40-meter job. 

Sad to relate, the very simplicity of the antenna 
turned out to be my undoing. No takers, even when I 
offered to help put one up. Their reaction was unani¬ 
mous. They patiently pointed out to me that, as any 
fool could plainly see, no antenna that simple could 
possibly be much good, especially when it is upside 
down with the counterpoise on top. Obviously, if 
anything as simple as a bent piece of wire could be all 
that wonderful on DX, everybody would be using 
one. 

How about enticing them with a more elegant ver¬ 
sion I had been thinking about. It would perform only 
slightly better and would require 50 percent more 
room, but would appear to be more sophisticated, 
more complicated, and more elegant looking. It defi¬ 
nitely would not look like a bent piece of wire. How 
about adding a vertical element and feeding the bot¬ 
tom of the center one? It would produce only slightly 
more gain, but a cleaner pattern. More important at 
the moment, it would certainly be more impressive- 
looking when sketched. 

Fortunately it did turn out to be easier to sell. I 
quickly got a willing customer who had room for a 
three-element 40-meter job. Thus, the Bobtail was 
born (see fig. 3). 

When he reported back to me on its DX perform¬ 
ance, he kept using the words phenomenal, fantas¬ 
tic, etc., ''. . . especially beyond 2500 miles when 
compared to my old antenna." 

As a result of his plugging it over the air, I started 
receiving requests for information. To cut down on 
this I decided to write an article describing the anten¬ 
na. When I contacted the editor of CQ about a Bob- 
tail article, I recounted my lack of success in stirring 
up interest in a simple, two-element version. We de¬ 



cided not to include the two-tailer, but possibly make 
it the subject of a follow-up article. 

The Bobtail with its three elements looked intriguing 
enough in the published article to inspire some 
readers with room to put one up to action. Then 
among some fan mail and requests for more informa¬ 
tion appeared a couple of surprises. Two correspon¬ 
dents advised me independently a few days apart 
that to get a Bobtail to fit their lots they had gone 
ahead on their own and made it more compact. Both 
did it by using two instead of three elements, and 
feeding one end of what was left. Both correspon¬ 
dents were quick to add that their simplified versions 
worked just great, gave fantastic results, etc., etc. 
"Just thought you might like to know." 

I wrote them indicating I was glad to hear that their 
chopped Bobtails were doing such a good job, and 
congratulated them on their ingenuity. Somehow I 
felt it would appear pretentious of me to write an arti¬ 
cle on my truncated Bobtail, so never did. 

Thanks to Ben Vester, K3BC, for seeing that it 
finally got some favorable publicity ("The Half- 
Square Antenna," QST, March, 1974). And speak¬ 
ing of the Half Square, Ben's designation certainly is 
tidier and more descriptive than something like Two- 
Element Chopped Bobtail Curtain. 

Part II will include, among other things, quantita¬ 
tive information on the gain of the Bobtail and Half 
Square (both free-space theoretical and real world 
practical DX-signal gain), multi-band operation and 
performance, more information on feed methods, 
construction considerations, and some dimensions 
for 10-MHz Bobtails. 

ham radio 
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products 


learning Morse 

When we learned the Morse code, 
state-of-the-art was memory, and 
pencil and paper exercises: A- didah; 
B- dadididit. Over the past few years, 
records and tapes have come into 
vogue as learning aids. Now there are 
microcomputers which do the same. 
The Morsetalker MMS-1 from Spec¬ 
trum International is one of these. 

This interesting microprocessor- 
based device is a self-contained ran¬ 
dom Morse generator that incorpo¬ 
rates a speech synthesis system. The 
MMS-1 has a speed range of 2 to 20 
WPM in 2-WPM increments, and 
character group lengths of one, five, 
and fifty letters, before talkback. The 
unit is designed to work at six differ¬ 
ent learning levels: letters A-F; A-M; 
A-U; and A-Z; numbers only 0-9; and 
all letters and numbers combined. 

The MMS-1 is designed to use the 
current teaching philosophy of send¬ 
ing at high speed with long spacing 
between letters. A crystal oscillator is 
used as a reference to ensure that all 
characters are sent and spaced accu¬ 
rately. For the more advanced Ama¬ 
teur, a high speed option is available 
to increase the speed range of the 
MMS-1 to 12-48 WPM in 4-WPM in¬ 
crements. 

Using the MMS-1 is very easy. 
Push buttons are used to select char¬ 
acter range, group length and speed, 
with LEDs indicating group length 
and speed. Once you have made your 
selection, push the go-stop button 
and you're all set to start. 


There are a few minor drawbacks 
to the MMS-1. You cannot alter pitch 
or volume, and the speaker is located 
on the bottom of the diecast alumi¬ 
num box. In a noisy environment it is 
sometimes hard to hear the MMS-1. 

The MMS-1 will be particularly in¬ 
teresting to groups and clubs looking 
for help with code instruction. Stu¬ 
dents can sit down with the MMS-1 
without a teacher's assistance, and 
program the unit at any level they are 
comfortable with. 

For more information, contact 
Spectrum International, Inc., Box 
1084, Concord, Massachusetts 
01742. Reader Service Number 013. 

the editors 
ham radio 


ergonomic comfort 
chair 

Charvoz-Carsen announces the 
Charvoz Dauphin CRT Chair G1500 
for the Amateur Radio, home video 
game, and computer enthusiast. This 
new ergonomic chair features five 
functions for those who spend long 
hours at play or work in a sitting posi¬ 
tion. The pneumatic finger-tip con¬ 
trols allow the user to adjust his 
seated position for maximum comfort 
with full freedom of movement. 

These chairs are designed in Italy 
for beauty and West German engi¬ 
neered for years of trouble-free enjoy¬ 
ment. Seats move up and down as 
well as tilting forward; the backrest 
goes up and down and inclines gently 
to match your lumbar/lower back 
needs. The backrest also tilts auto¬ 
matically with your back movement. 
This chair features the built-in lum¬ 
bar-comfort support, five point star 
base and enclosed back-shell for add¬ 
ed beauty. 

Five fabric colors and open or closed 
armrests are available. For more in¬ 
formation, contact Pat Gusoff, Char¬ 
voz-Carsen, 5 Daniel Road East, Fair- 



field, New Jersey 07006; telephone 
201-227-6500. Reader Service Num¬ 
ber 084. 


coded squelch test unit 

Ferritronics, Inc., announces the 
new TU-100 Coded Squelch Test 
Unit. The TU-100 is a microproces¬ 
sor-based instrument designed to aid 
technicians in testing and trouble¬ 
shooting sub-audible encoder and de¬ 
coder circuits. 



In addition to EIA CTCSS tones, 
the test unit works with digital codes 
compatible with Digital Private Line, 
Digital Channel Guard, Digital Quiet 
Channel, Digital Call Guard, etc. Used 
in conjunction with a monitor receiv¬ 
er, the test unit may be used to police 
shared repeaters, select unused 
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codes and identify unknown codes 
right off the air. 

The TU-100 is highly portable in a 
durable ABS plastic case with retract¬ 
ing carrying handle, has a Ni-Cd bat¬ 
tery pack, and weighs in under four 
pounds. For more information, con¬ 
tact Ferritronics, Inc., 1319 Pine Ave¬ 
nue, Niagara Falls, New York 14301; 
telephone 800-828-6884/New York: 
716-282-7470. Reader Service Num¬ 
ber 011. 


Guild radio rack 

New for hams is the Guild Radio 
Rack. The Guild Rack comes in fin¬ 



ished solid ash. No assembly is re¬ 
quired. Guild's radio rack comfortably 
holds Kenwood's TS830S/VF0230/ 
SP230 or TS820 series, and any simi¬ 
lar rigs. Exact measurements are: 
overall 16-7/8 x 14-3/4 x 14-1/2 
inches, top compartments 7-1/2 x 6 
inches, bottom compartment 15-5/8 
x 7 inches, and it's fully vented. 

The Guild Radio Rack has a sug¬ 
gested retail price of $59.95. For more 
information, contact Guild Radio 
Rack, 225 West Grand St., Elizabeth, 
New Jersey 07202; telephone 201- 
351-3002. Reader Service Number 
086. 


low-cost wind power 

The TC25WG Helius Rotor Kit was 
developed as a low-cost battery 
charger for remote sites. Applications 


How come you’re not on 30 meters? 

There’s no excuse with KLM’s 
New 30M-2 and 30M-3 Antennas! 

Two new antennas from KLM using their low loss 
linearly loaded elements. Small physical size with 
full size performance. Exclusive “Maxi-Match” for 
direct 50Q coaxial feed. 


30M-2 (2 element Yagi) 

30M-3 (3 element Yagi) 

Gain 

4.5 dBd 

Gain 

7 dBd 

F/B 

12 dB 

F/B 

20 dB 

SWR 

less than 1.5-1 

SWR 

less than 1.5 


across band 


across band 

Boom Length 

12' 

Boom Length 

24' 

Max. Elem. Length 

17' 

Max. Elem. Length 

17' 

Wind Load 

4 sq. ft. 

Wind Load 

7 sq. ft. 


Available now. Stop by your local dealer for more information. 
Maximize your performance today with a 10 MHz KLM Beam Antenna! 

KLM PO BOX 816 • Morgan Hill, CA 95037 • (408) 779-7363 


I IC-R70 

The Commercial Grade Communications Receiver 

that everyone hos been asking for. 

of a price you can afford) 


For your discount price on 1COM and other 
major brands call 812-422-0231 mon-fri 9 am 
HAM SHACK 808 N. Main • Evansville. IN 47711 sat 9AM-3P 


DIRECTION FINDING? 


★ Doppler Direction 
Finding 

★ No Receiver Mods 

★ Mobile or Fixed 

★ Kits or 
Assembled Units 

★ 135-165 MHz 
Standard Range 



★ Circular LEO 
Display 

★ Optional Digital 
Display 

At Optional Serial 
Interface 

At 12 VDC Operation 

★ 90 Day Warranty 


New Technology (patent pending) converts any VHF FM receiver into an advanced 
Doppler Direction Finder. Simply plug Into receiver's antenna and external speaker 
jacks. Use any four omnidirectional antennas. Low noise, high sensitivity for weak 
signal detection. Kits from $270. Assembled units and antennas also available. Call or 
write for full details and prices. 

p) DOPPLER SYSTEMS, 
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include power for camping, boats, 
radio operation, RVs, cottages, ex¬ 
perimentation, and emergency situa¬ 
tions. The patented Helius design re¬ 
sponds to winds from any direction 
and is self-starting. The TC25WG 
rotor operates at low RPM and avoids 
overspeed problems common in pro¬ 
peller designs. Virtually no mainte¬ 
nance is required and the tough Lexan 
vanes resist sun, snow, sleet, and ex¬ 
treme temperatures. Assembly is 
easy with regular hand tools. The 
complete rotor kit costs $479, includ¬ 
ing detailed manuals. A free informa¬ 
tion package is available from Ther- 
max Corporation, One Mill Street, 
Burlington, Vermont 05401. Reader 
Service Number 088. 


panel meter brochure 

Shurite Meters' free brochure of¬ 
fers a choice of more than 260 stan¬ 
dard-range ± 5 percent accuracy in¬ 
struments. A standard-range chart 
shows range, resistance, and stock 
numbers in vertical columns, as 
grouped in five major product cate¬ 
gories. The horizontal section of the 
matrix shows dc microammeters, dc 
milliammeters, dc voltmeters, ac mil- 
liammeters, ac ammeters, and ac 
voltmeters. 



CALL TOLL FREE 
1 - 800 - 638-4486 


Other contents show specifica¬ 
tions, standard options, outline draw¬ 
ings, custom dials and special ranges. 
Line voltage testers and battery test¬ 
ers round out this catalog. 

For further information, write to 


Complete System (as pictured) 
Down Converter Probe Style 
(Assembled and Tested) 
Power Supply (12V to 16V DC+) 
(Assembled and Tested) 



PETERSON 

ELECTRONICS 

4558 Auburn Blvd. 
Sacramento. CA 95841 
(916) 486-9071 
C.O.D.s 

SPECIAL QUANTITY 
PRICING 
Dealers Wanted 


GO MOBILE WITH YOUR H.T.! 


. 

Model K-TR 


SATELLITE 
TV SYSTEMS 


DEMO TRAILERS 

WE STOCK: 

AUTO-TECH 


LOCUM 

SCIENTIFIC ATLANTA 
CHAPARRAL 


AUSTIN C. LEWIS. K4GGC 
(901) 784-2191 

LEWIS CONSTRUCTION CO. 

P.0. BOX 100, W. ELM STREET 
HUMBOLDT, TN 38343 

"IN BUSINESS AT THIS LOCATION SINCE 1964” 
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CB TO TEN METER 
CONVERSION KITS 

KITS for AM—SSB—FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in¬ 
stallation with minimum time and equip- 

BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 

PRICES Low cost prices range from 
$8.00 to $50.00 

All kits are In stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 

Sandwich, Ma- 02563-0183 
(617) 888-4302 


VOICE OF AMERICA 

HAS OPPORTUNITIES IN WASH .DC FOR 
QUALIFIED RADIO BROADCAST TECHNICIANS 

These positions require technical experience m 


• Tape Recording 

• Field Operations 

• Broadcasl Equipment Maintenance 
Starting salary St I 93 per hour 

U S Citizenship Required 
Submil Standard Federal Application Form SF-i< 

VOICE OF AMERICA 
Hm 1341.330 Independence Ave .S W 
Washington. DC 20547 
Attention: RBT-83-1 

Equal Opportunity Employer 


Shurite Meters, Inc., 577 Grand Ave¬ 
nue, P.O. Box 1848, New Haven, 
Connecticut 06508-1848; telephone 
203-624-1188. Reader Service Num¬ 
ber 087. 

small receiver 

The Comer Communications R30K 
is an extremely small general cover¬ 
age communications receiver, meas¬ 
uring only 2x4x6 inches. Despite 
this small size, the R30K performs as 
well as receivers eighteen times 
larger. Frequency coverage is from 50 



kHz to 30 MHz. and selection is by 
means of a five-digit push wheel 
switch giving 1 kHz resolution. A 
VFO is provided to interpolate be¬ 
tween the 1 kHz steps. 

Reception modes are AM, LSB, 
USB, and CW. The receiver operates 
from a nominal 13.8 Vdc supply and 
requires an external loudspeaker or 
headphones. A connector has been 
provided at the rear of the unit with 
outputs from the first, second, and 
carrier oscillators, and also with an in¬ 
put/output of the AGC line. 

The receiver is a dual-conversion 
superheterodyne with a high first i-f. 
Frequency control is by means of a 
fully digital dual loop frequency syn¬ 
thesizer. Selectivity is obtained by 
six-pole crystal filters giving 2.4 kHz 
on SSB and 6 kHz on a-m. The use of 
modern high-level integrated circuit 
mixers give the receiver a very re¬ 
spectable dynamic range while hold¬ 
ing the power consumption to a very 
reasonable level. Normal fast attack 
fast release AGC is used on a-m, 
while a fast attack, slow decay, with 
one-second hold on no signal AGC 
system is used on SSB. The audio 
output provides 5 watts at 5 percent 
distortion to give good results in a 
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lateur Radio Dealer 


New York 


BARRY ELECTRONICS 
512 8ROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City's Largest Full Service 
Ham and Commercial Radio Store. 


GRAND CENTRAL RADIO 
124 EAST 44 STREET 
NEW YORK, NY 10017 
212-59ff-2630 
Drake, Kenwood, Yaesu, 
Ten-Tec, DenTron, Hy-Gain, 
Mosley in stock. 


HARRISON RADIO CORP. 

20 SMITH STREET 
FARMINGDALE, NY 11735 
516-293-7990 

"Ham Headquarters USA" since 
1925. Call toll free 800-645-9187. 


RADIO WORLD 
ONEIDA COUNTY AIRPORT 
TERMINAL BLDG. 

ORISKANY, NY 13424 
TOLL FREE 1 (800) 448-9338 
NY Res. 1(315)337-0203 
Authorized Dealer — ALL major 
Amateur Brands. 

We service everything we sell! 
Warren K2IXN or Bob WA2MSH. 


Ohio 


AMATEUR ELECTRONIC SUPPLY 
28940 EUCLID AVE. 

WICKLIFFE, OH (CLEVELAND AREA) 
44092 

216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 


UNIVERSAL AMATEUR RADIO, INC. 
1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood and all other 
Ham gear. Authorized sales and ser¬ 
vice. Shortwave headquarters. Near 
1-270and airport. 


Oklahoma 


DERRICK ELECTRONICS, INC. 

714 W. KENOSHA — P.O. BOX A 
BROKEN ARROW, OK 74012 
Your Discount Ham equipment dealer 
in Broken Arrow, Oklahoma 
1-800-331-3688 or 
1-9 IB-251-9923 


■NEWI 

products 


Pennsylvania 


HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 
4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location lor 30 Years. 


LaRUE ELECTRONICS 
1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

Icom, Bird, Cushcralt, Beckman, 
Fluke. Larsen, Hustler. Astron. 
Antenna Specialists, W2AU/W2VS, 
AEA, B&W, CDE. Sony. Vibroplex. 


Texas 


MADISON ELECTRONICS SUPPLY 

1508 mckinney 

HOUSTON, TX 77010 
713-658-0268 

Christmas?? Now?? See ad index 
page. 


Virginia 


ELECTRONIC EQUIPMENT BANK 
516 MILL STREET, N.E. 

VIENNA, VA 22180 
703-938-3350 

Metropolitan D.C.'s One Stop 
Amateur Store. Largest Warehousing 
of Surplus Electronics. 


Wisconsin 


AMATEUR ELECTRONIC SUPPLY 

4828 W. FOND DU LAC AVE. 
MILWAUKEE, Wl 53216 
414-442^4200 

Wise. Wats: 1 (800) 242-5195 
Outside Wise: 1 (800)558-0411 


SAY 

YOU SAW 
IT IN 

ham radio! 


mobile environment. 

For more information, contact 
Comer Communications, 609 Wash- 
ingtonia Drive, San Marcos, Califor¬ 
nia 92069; telephone 714-744-3215. 
Reader Service Number 085. 

precision frequency 
control 

The latest design in International’s 
high reliability OE series oscillators 
features TTL output in a 28 pin DIP 
package. The output of the OE-52 
and OE-53 is sufficient to drive up to 
ten TTL loads. The TTL output offers 
many new general instrumentation 
design applications in clock circuitry 
microprocessing and precise frequen¬ 
cy control. 



Specifications: input voltage — 
+ 5 Vdc; temperature stability — 
-30 to +60 degrees C; OE-52 — 
±0.0002 percent; OE-53 - ±0.0005 
percent; output voltage — 5.5V PP, 
2.9V RMS; trim range — ± 10 ppm 
minimum; size — 0.430 x 1.45 x 
0.795 inches. 

For more information, contact In¬ 
ternational Crystal Mfg. Co., Inc., 10 
North Lee, P.O. Box 26330, Okla¬ 
homa City, Oklahoma 73126; tele¬ 
phone 405-236-3741. Reader Service 
Number 012. 
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Illtftjffil Happy Birthday ^ rad '° 


This issue, on our fifteenth anniversary, marks the completion of fifteen continuous years of providing the Amateur commu¬ 
nity with important technical information. We have attempted, and we hope succeeded, in bringing you a consistent flow of data: 
past techniques, still useful and important today; present techniques for solving today's problems; and looks into the future tech¬ 
nologies that so rapidly are becoming a part of today. 

This issue also signals the start of our sixteenth year of publishing in the same tradition, with articles that clearly emphasize ihe 
ham's true investigative spirit: always improving on existing techniques, making gear smaller, better, and less expensive. This 
month, that is best brought out by the articles by WA4ZXF and K2BT. Douglas Glenn (WA4ZXF) provides more than just another 
detailed design land construction information) on a 15-meter transceiver. He shows, for example, how different operating func¬ 
tions can ingeniously be combined in the same circuit, thereby economizing on the number of components. A typical example is 
the use of the first mixer as a converter in the receive mode and as a balanced modulator during transmit. 

Just because you're working with inexpensive components from the junkbox doesn't mean you have to put up with limited per¬ 
formance. Doug designs around them, taking full advantage of their characteristics. And the best part is that even if you don't 
build this unit, an understanding of a complete SSB transceiver is yours just for the reading. 

Forrest Gehrke, K2BT, closely examines rf bridge operation - its inherent inaccuracies and limitations — in his article "Preci¬ 
sion Noise Bridge." He shows, in his design, how real world impedances can be confidently and accurately measured. Forrest has 
used the noise bridge in building one of the most competitive 75-meter directional arrays in the world: the "4 square" Imuch more 
about that in several upcoming issues). With his bridge, he is able to accurately determine self and mutual impedances that unfor¬ 
tunately don't always come close to a resistive 50 ohms. 

On a separate tack, Woody Smith, W6BCX, continues where he left off (in his Part 1, last month) with construction details for 
the half-square and Bobtail curtain. He closely examines feeding methods and locations, showing their influences on pattern and 
on the frequency bands that are usable with the Bobtail. 

Dennis Mitchell, K8UR, provides additional insight into the GaAs FET technology. His circuit, designed around the Alpha Indus¬ 
tries ALF1023 device, incorporates features that most hams can readily use in achieving higher-gain, low-noise preamplification 
inexpensively on 2-meters. This is especially significant since the trend, industrially, has been to use GaAs FETs at microwave fre¬ 
quencies (where their impedances are closer to 50 ohms), avoiding designs on the lower frequencies. Dennis evaluates seven dif¬ 
ferent FETs for noise figure, gain, 1-dB compression, and cost. 

Ernie Franke, WA2EWT, explores capacitively coupled hybrids, devices useful at any power level. A little bit of thinking shows 
several applications where a continuously variable phase shift at rf could be very useful, be it in the laboratory or out on the range 
lantenna range, that is). 

These, as well as the other articles in this issue, are but a sampling of what we at ham radio have in store for you in 1983. Con¬ 
sider what you would like to see in the following issues; it will probably be there. Our crystal ball has recently been calibrated to 
accurately focus in on your needs. Nevertheless, we still welcome all of your communications. Let us know your views! 

While on the subject of what ham radio has in store for the upcoming year, we take this opportunity to thank the people who've 
made ham radio's continued existence possible. First, of course, are our readers, without whose interest in excellence in radio 
communications there would be no ham radio magazine. We thank our advertisers, who have chosen our magazine for presenting 
you with the latest in communications gear — be it transceivers, antennas, or accessories. They are worthy of your support, for 
it's all a complete cycle - readers — advertisers — ham radio magazine. Let the advertisers know your leelings and needs. Tell 
them "you saw it in ham radio." , , 

We especially wish to thank our charter advertisers - see the list below - identified with the symbol on their ads 
throughout the magazine. Readers who have the complete collection of ham radio magazines (doesn't everyone?) will recognize 
these companies as having been with us in the beginning. 

Without further ado, as my British friends are wont to say: "Lets get on with it." 


Charter Advertisers 


A-5 MAGAZINE 
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2 METER FM 
AMPLIFIERS 

FOR 

HANDHELDS & MOBILES 



100-130 

WATTS 


LOOK AT THESE FEATURES! 

C Frequency 143-149 MHz 
Adjustable range 140-160 MHz 
□ "Microstrip" design provides high stability 


□ 

□ Mobile mounting bracket included 

□ 5 yr. parts-labor warranty (I yr. xtrs) 

□ For base operation, use 2M6X40 S 
RS-7A or-2M20X100/2M30X130 i RS-20A 
Amplifier-Power Supply Combination 

INTRODUCTORY PRICING! 

Input-W Net 

1-6 *69.95 

5-20 119.95 

10-30 149.95 

7A 49.95 

12A 69.95 

20A 89.95 

35A 134.95 


2M6X40 
2M20X100 
2M30X130 
Aslron RS-7A 
Astron RS-12A 
Aslron RS-20A 
Astron RS-35A 


SAME DAY SHIPMENT VISA/M.C./C.O.D. 

WESTCOM 

1320 GRAND AVENUE. 

SAN MARCOS, CA 92069 
BE ( 619 ) 744-0728 



debunking myths 

Dear HR: 

The vertical versus dipole compari¬ 
son by Bill Orr in "Ham Radio Tech¬ 
niques" (ham radio, October, 1982) 
should help debunk the myth that a 
quarter-wave vertical over a good 
radial system is automatically a low- 
angle radiator. An earlier article by 
John Belrose {ham radio, September, 
1981, page 36) first got me wondering 
whether verticals are automatic guar¬ 
antees of a DX edge over dipoles, in¬ 
verted vees, and other simple anten¬ 
nas. Belrose showed that a quarter- 
wave vertical over very poor ground 
but with an excellent ground system 
has a radiation angle of 30-35 de¬ 
grees, about the same as a half-wave 
dipole erected a half wave above 
ground. This has apparently been 
confirmed by Orr in his extensive 10 
MHz listening comparisons. 

What makes or breaks a typical 
vertical's low angle of radiation is the 
conductivity of the ground, out to 50 
or more wave lengths from the anten¬ 
na. (This factor has a much smaller 
influence on the take-off angle of a 
dipole of a half-wavelength or more 
above ground.) 

Where does this leave the vertical 
which has become so popular for 
high frequency communications? I'd 
say that for 160 meters, 80 meter, and 
40 meter long-haul QSO's, the verti¬ 
cal is still the best of the simple anten¬ 
nas for the average ham. A dipole 
must be a half wavelength above 
ground to give the 30 degree take-off 
angle the vertical will give at ground 
level. Most city-dweller hams can't 


easily get a dipole that high. How¬ 
ever, as Bill Orr demonstrates, the di¬ 
pole probably becomes the better 
simple antenna from 30 meters on up. 
Exceptions would be the ham on a 
boat, in a salt-marsh, or possibly in an 
agricultural setting where continual 
use of fertilizers has given the soil su¬ 
perior conductivity out to 50-100 
wavelengths from the antenna. Verti¬ 
cals in these settings will have take¬ 
off angles of 10-15 degrees. For Ama¬ 
teurs fortunate to be operating in 
these settings, the vertical still reigns 
supreme among the simple antennas 
for DXing from 30 meters on up. 

Mark Bacon, WB9VWA 
Decatur, Illinois 


the 432 Yagi is 
alive and well 

Dear HR: 

The excellent article, "Require¬ 
ments and Recommendations for 70- 
cm EME," by Joe Reisert ( ham radio, 
June, 1982) mistakenly notes that 
"the K2RIW (432 Vagi) has gone out 
of production." 

The K2RIW Yagi, the original RIW 
432-19, is still in production by RIW 
Products. In fact, to assist the home- 
brewer, kits for the 432-19 are also 
available that include all the hard-to- 
get parts at a modest price. 

George A. Flanagan, W2KRM 
RIW Products 
Box 191 
Babylon, New York 
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15-meter sideband transceiver 



A construction project 
of solid design 
with step-by-step explanations 
of each circuit function 


With some careful shopping, it's possible to build 
a 15-meter sideband transceiver for less than $100. 
The design presented here is for a basic rig at mini¬ 
mum cost, but with excellent features: 

Receiver: 0.5 ;«V sensitivity; 1.0 /tV age threshold; 
0.5-watt audio output; 2000-Hz selectivity; age; 80 
dB compressed to4dB; CW audio filter. 
Transmitter: 10 watts PEP; fully adjustable output; 
CW break-in keying; 50-dB carrier and LSB suppres¬ 
sion. 

I designed this rig for 15-meters because propaga¬ 
tion conditions on this band put low-power operators 
at less of a disadvantage than on the other bands. If 
you prefer, the rig could be built for the 20-meter 
band by using a different offset crystal frequency and 
by adjusting several tuned circuits. With an output 
that is fully adjustable from a pot, it makes a good 
exciter for a linear amplifier. 

theory of operation 

Some of the circuit details may appear unfamiliar 
or unusual, but I will provide enough of an explana¬ 
tion for you to understand how the circuit operates. 
Component substitutions may be made to hold the 
cost down. 

Let’s start by reviewing the receiver signal path, 
beginning at the antenna jack (see figs. 1 and 7). No 
antenna relay is used. Instead, the input signal is 
coupled from the antenna low-pass filter to the re¬ 
ceiver rf amplifier through a series-resonant circuit. 
Cl-LI. This series-resonant circuit is used both as a 
T-R switch during transmit and as an rf attenuator 
during receive. 

A series L-C circuit presents a low impedance at 
resonance, while the center junction is at a high im¬ 


pedance. If you put a variable resistor from this junc¬ 
tion to ground, you create a variable attenuator. But 
instead of a resistor, use the collector impedance of a 
transistor. The transistor looks like a small capacitor 
(junction capacitance) in parallel with a variable resis¬ 
tance. The resistance value is controlled by the dc 
base current, as shown in fig. 2, as long as the signal 
amplitude doesn't forward-bias the transistor junc¬ 
tions. A typical value is less than 10 ohms with 1 mA 
of base current, and it increases to nearly infinity as 
base current reduces to zero. The effect of the junc¬ 
tion capacitance must be compensated for, so avoid 
transistors with large capacitance. A diode across 
the transistor protects the receiver's front-end from 
other transmitters feeding antennas on the same 
tower. The circuit can also be used for filtering if 
desired, but it doesn't have to be. In this case, filter¬ 
ing was not a concern. 

There is a trade-off that must be made. As the L/C 
ratio gets larger, you get higher Q and more attenua¬ 
tion range. But as the capacitor value approaches the 
value of the shunt capacitance from the transistor 
and diode, the capacitive voltage-divider effect sig¬ 
nificantly attenuates the input signal. The L1-C1 val¬ 
ues were chosen for a good compromise, and they 
have low Q so that fixed components with normal 
tolerances can be used. 

The input signal from the rf attenuator is coupled 
to an rf amplifier, 02, with about20 dB of gain. Tuned 
transformers are used at the input and output of this 
stage to prevent image and i-f feedthrough. The tran¬ 
sistor that I used was an inexpensive general-purpose 
type, the 2N3904. This transistor's input impedance 
is about 50 ohms, so the transformer has unity impe- 

By Douglas Glenn, WA4ZXF, 715 Fairlane 
Drive, Lewisburg, Tennessee 37091 
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dance ratio from input to base. The circuit Q is not 
allowed to get too high, which would hurt sensitivity 
at the band edges. Diodes across the high impe¬ 
dance winding give extra protection from high-level 
signals. 

The output of the rf amplifier is coupled to the first 
mixer by a capacitor, C7. This same mixer is used as 
the balanced modulator during transmit. The mixer is 
a double-balanced, diode-ring-type, selected be¬ 
cause it provides good performance, is inexpensive, 
and is easy to build. The output transformer is 
wound to provide the impedance needed by the crys¬ 
tal filter instead of the usual 50 ohms. Good carrier 
suppression requires matching of the diodes. But this 
is easy, as explained later. 

The mixer input that is used for the signal from the 
receiver's rf amplifier is also used as the audio input 


during transmit. To avoid the need for a switch of 
some kind at this mixer input, the high frequency sig¬ 
nal in receive is coupled through capacitor C7, block¬ 
ing the low-frequency audio during transmit. Similar¬ 
ly, coil L3 in series with the audio blocks the rf. 

During receive, the local oscillator input to the 
mixer is from the high frequency VFO, but in transmit 
this same input is from a lower-frequency crystal 
oscillator. Two transistors (Q3 and Q4) provide the 
mixer input switching function. A relay could be used 
but it would probably cost more, take up more board 
space, and draw more power-supply current. This 
analog switch doesn't provide the high isolation of a 
relay, so you may notice a birdie 30 kHz above the 
top edge of the band (6 x 3.58 MHz) in receive. To 
minimize this, a diode is placed in series with the 
base of Q4, increasing the turn-on threshold. 
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An inexpensive crystal filter requires inexpensive 
crystals. At present, the most readily available and 
inexpensive crystals are TV color-burst crystals at 
3.58 MHz, which are used here. The circuit is a stan¬ 
dard four-crystal lattice. This requires two sets of 
two crystals with a small frequency difference. Since 


color-burst crystals all come at the same frequency, 
small capacitors are inserted in series with the crys¬ 
tals on opposite corners of the lattice to provide the 
needed frequency difference. The value of the 
capacitors establishes the filter's bandwidth. I used 
capacitor values of 10 pF, which results in about a 2- 
kHz bandwidth. Smaller capacitor values will give 
wider bandwidth. You should not try to make it too 
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much wider or you will have trouble adjusting the 
3.58-MHz oscillator later. I used the small, round, 
axial-leaded, titanium-dioxide capacitors found in 
many TVs and fm tuners, but only because I had 
some handy; other ceramic or mica 5-percent-toler- 
ance types will work. Fig. 3 shows the shape of the 
filter. The shape obviously dictates use for the lower 
sideband. Since the upper sideband is commonly used 
on 15-meters, high side injection must be used in a 
mixer to invert the sidebands. 

The filter's output is terminated by a buffer ampli¬ 
fier, Q8. The 1000-ohm filter load is supplied by the 
base bias resistors in parallel with the transistor's 
input impedance. Part of the amplifier's emitter resis¬ 
tance is un-bypassed to keep the transistor's impe¬ 
dance high. This sacrifices some gain, but allows for 
accurate control of the filter's termination impedance 
by the fixed resistors. 

The output of the buffer amplifier is coupled to an 
i-f amplifier, Q10, in receive, or to the second conver¬ 
sion mixer in transmit. Transistors Q9 and Q31 are 
again used as analog switches. In receive, the i-f sig¬ 
nal is amplified and sent to the receiver's detector. 
The receiver i-f amplifier is turned off during transmit 
to prevent the possibility that the oscillator signal 
might bypass the crystal filter. 

receiver audio circuits 

The receiver's detector (see fig. 4) is a single tran¬ 
sistor, Q11, configured as a mixer for product detec¬ 
tion. Signals feed the base while the local oscillator is 
injected at the emitter. The collector load of the de¬ 
tector is bypassed for rf, leaving only the recovered 
audio. 

The audio is coupled to an active unity gain band¬ 
pass filter, Q12, centered at 800 Hz. Since neither 
high gain nor high Q is needed, I couldn't justify 
using an op-amp when a single transistor would do. 
The formulas that you would use with an op-amp 
don't work with the low-input impedance of the tran¬ 
sistor. The filter Q and center frequency will be less 
than predicted. As shown, the filter is centered at 
800 Hz with a 300-Hz bandwidth. There's no need for 
precision components in the filter because the filter's 
performance can be easily adjusted using the two 
voltage divider resistors at the input (R43 and R44). 
The small resistor to ground, R44, will vary the center 
frequency (less resistance for higher frequency) and 
the large resistor in series with the input, R43, is then 
changed to set the gain again to unity. A SPDT 
switch bypasses the audio filter for phone reception. 

The wide or narrow audio from the bandwidth 
switch is coupled to the receiver's audio amplifier/ 
compressor. This circuit is configured as a current- 
controlled attenuator followed by a 40-dB gain ampli¬ 
fier. I used 741-type op-amps because they are inex¬ 


pensive and readily available. The op-amp is not 
being used near its maximum gain or slew rate, so 
you can get by with a 10-volt supply. The attenuator 
is ahead of, not inside, the feedback loop and conse¬ 
quently loop gain remains high at all input levels. This 
arrangement provides tight control of the audio level. 
You'll never have to dive for the gain control or claw 
at your headphones when a strong signal comes on 
frequency. 

The attenuator is a voltage divider that consists of 
a fixed resistor, R49, and the variable impedance of 
Q15, which has the characteristic shown in fig. 2. 
This controls the signal level at the op-amp input. A 
transistor peak detector, Q13, at the amplifier's out¬ 
put provides drive to the attenuator in the form of 
base current to Q15. The compression threshold 
occurs when the peak-to-peak output of the amplifier 
exceeds the base-emitter diode drop of Q13. This 
corresponds to 210 mV rms for a silicon transistor, or 
2 mV at the compressor input. The circuit features a 
fast-attack, slow-decay characteristic compatible 
with speech signals. The circuit also limits sharp 
noise pulses. A small resistor, R55, is placed between 
the emitter of the peak detector transistor and the 
large storage capacitor, C46. Short noise pulses are 
coupled directly to the attenuator, but only slightly 
affect the charge on the storage capacitor. A smaller 
capacitor, C47, is placed across the base-input of the 
attenuator transistor; it serves only to eliminate the 
audible pop that would occur when the input signal 
crosses the compression threshold. Once in com¬ 
pression, the voltage across this capacitor is fixed at 
the potential of a base-emitter diode drop and will 
not limit the response to the noise pulses or the fast 
attack characteristic. During transmit, the receiver's 
audio gain is killed by forcing the attenuator transis¬ 
tor to saturate. This doesn't charge the storage 
capacitor, so the receiver is at full gain and ready to 
go as soon as the transmit bias is removed. 

The voltage on the storage capacitor is fed to the 
receiver's front-end attenuator as rf age. An emitter 
follower, Q14, is used to reduce the loading on the 
storage capacitor and a diode is placed in series with 
the emitter follower output to protect it from reverse 
bias damage during transmit. The result is that the rf 
age voltage is reduced by two diode drops. This pro¬ 
vides delay in the activation of the rf attenuator so 
that the input is not attenuated until the signal is well 
above the noise. 

The voltage on the storage capacitor is also used 
to operate the receiver's S-meter. The S-meter cur¬ 
rent helps to control the decay time of the receiver 
age and it ensures that the capacitor discharges com¬ 
pletely when there is no signal received. If you don't 
use a meter, replace it with a short; don't omit the 
discharge resistor. I used a surplus meter that I 
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fig. 5. Gain versus pot rotation. You can simulate a log¬ 
arithmic response by selecting the pot's resistance. 


picked up at a hamfest for half a dollar. I painted over 
the face and drew a new scale. The meter doesn't 
read until the received signal is above the age thresh¬ 
old at 1 microvolt. This corresponds to an S-level of 
about 3.5, so the first mark on the meter is S-4. You 
can add capacitance across the meter's terminals to 


increase the damping of your meter if you want. 
You'll have to experiment to find the right value. 

The audio output amplifier uses an op-amp followed 
by a high current buffer. The buffer transistors are 
not biased into the linear range, but they are included 
inside the feedback loop. The slight amount of cross¬ 
over distortion won't be noticed under normal condi¬ 
tions, and it's a small price to pay for circuit simplicity 
and the saving in quiescent bias current. A capacitor 
was found to be necessary across the output to by¬ 
pass rf pickup that had the effect of making the audio 
amplifier squeal during transmit, especially when I 
was using an external speaker. 

The output amplifier is operated directly from the 
external 13.6-volt supply. Power supply hum is not a 
problem because of the op-amp's good power supply 
rejection ratio and a heavily bypassed reference (non¬ 
inverting) input. Operating from a higher supply volt¬ 
age also increases the maximum output power avail¬ 
able. In addition, stability of the audio circuits is 
improved because the supply voltage for this high 
level circuit is isolated from the supply for the low- 
level circuits. 

One interesting effect of this circuit is that a linear 
volume control gives a non-linear response to the cir- 
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cuit. The shape is not the true logarithmic curve of 
audio controls, but the overall effect is similar. Part 
of the pot's resistance adds to the resistance in series 
with the op-amp input and so changes the circuit's 
gain slope as the pot is rotated (see fig. 5). The 
effect is more pronounced for pots with larger resis¬ 
tance values. If you use a pot that is significantly 
more than 20 kilohms, you may want to proportion¬ 
ately increase the input and feedback resistors. 

transmitter circuits 

Transmitter circuit review begins at the micro¬ 
phone input, (see fig. 1) The microphone amplifier 
uses a compressor amplifier (U1, Q5, Q6, etc.) nearly 
identical to that used in the receiver. By using a com¬ 
pressor that maintains a constant audio level, the 
other circuits can be optimized for this level. The only 
circuit difference (from the receiver's compressor) is 
one missing resistor. The resistor is omitted since the 
microphone amplifier doesn't have to contend with 
receiver impulse noise. 


The amplifier input is terminated for a dynamic 
microphone. This is because the inexpensive, readily 
available microphones for citizen band sets are usual¬ 
ly of this type. A filter consisting of a coil and capaci¬ 
tor keeps rf pickup out of the radio. A higher input 
impedance, for another type of microphone, would 
require some redesign of the input. 

The output of the microphone amplifier is coupled 
to the balanced mixer. The carrier signal is suppressed 
at least 30 dB by the balanced mixer. The signal then 
passes through the crystal filter, which removes the 
upper sideband and suppresses the carrier another 20 
dB. When keyed for CW, the mixer balance is upset 
intentionally and the carrier comes up to full level. A 
transistor switch, Q7, supplies current to the de¬ 
coupled input of the mixer to unbalance the mixer. 
At the same time, this switch sends current to the 
current-controlled attenuator of the microphone am¬ 
plifier. This kills the gain of the microphone amplifier 
and prevents audio from being superimposed on the 
CW signal. 



6.25 (159MM) 


Main circuit board PC layout. 
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carrier oscillator 

The carrier oscillator (see fig. 6) also uses a 3.58- 
MHz color-burst crystal. The oscillator circuit config¬ 
uration was selected for its very good frequency sta¬ 
bility. The phase inversion, from collector to base of 
the transistor, is provided by a transformer rather 
than some form of resonant circuit. This helps stabili¬ 
ty by removing all frequency-sensitive components 
except the crystal and a small capacitor. The capaci¬ 
tor shifts the series resonance of the crystal-capac¬ 
itor combination to the desired frequency. The trans¬ 
former is constructed by winding magnet wire on a 
ferrite bead. The capacitor can be a fixed type that's 
selected for the proper frequency, or a variable if it's 
a stable type. 

The capacitance is located in the ground leg of the 
series circuit so that another capacitor can be switched 
in parallel to shift the frequency. This is done when 
the rig is keyed for CW. The purpose is to shift the 
frequency by 800 Hz. When properly adjusted, the 
output in transmit will be the same frequency as a re¬ 
ceived signal centered in the CW audio filter pass- 
band. A transistor is used as the switch. A low 
capacitance transistor is absolutely necessary in this 
location. 


The output of the oscillator is coupled to a buffer 
stage, 029, through a low-pass R-C section. The R-C 
section does three things: The series resistor isolates 
the oscillator from the rest of the circuit, the low- 
pass section filters the signal providing a sine-wave 
output, and the signal is adjusted for optimum drive 
to the mixer. The value of the series resistor, R66, or 
shunt capacitor, C57, can be changed, if necessary, 
for more or less mixer drive. The best drive level 
would be + 7 dBm (a 0.5 V rms). However, this level 
is too high for the transistor analog switch. I set the 
drive level to approximately 0.35 V rms (+4 dBm) 
with satisfactory performance. A voltage divider 
across the output of the buffer sets the proper drive 
level for the receiver's detector, about 60 mV. This 
level is not critical. Any value from 40 to 220 mV will 
work, but you should keep it toward the low end of 
the range. At the higher drive levels, the receiver's 
detector is more susceptible to stray signals such as 
the ever-present 60 Hz hum. 

variable frequency oscillator 

The high-frequency VFO that tunes the transceiver 
is critical to the rig's performance. It should be stable 
and not change frequency when the transmitter is 
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T/R CONTROL 



fig. 8. The voltage regulator and T/R control provide dc power to the various parts of the circuit. 


keyed. The design uses a low-frequency variable 
oscillator which is mixed with a high-frequency crys¬ 
tal offset oscillator to arrive at the needed injection 
frequency. 

High-side injection is necessary to invert the side¬ 
band, as explained above. To cover 15 meters, the 
injection frequency is 24.58-25.03 MHz. The least ex¬ 
pensive and most readily available crystals, after 
color-burst crystals, are 27 MHz units intended for 
multichannel citizen band HTs. One of these is used 
for the offset oscillator. They are usually sold in T-R 
pairs for less than $5. I used a channel 21 transmit 
(27.215 MHz) crystal. The exact frequency is not very 
important since the VFO is aligned to set the final fre¬ 
quency. If you have a choice, use a higher channel 
crystal since this will improve spurious responses. 
The output of the crystal oscillator is coupled to the 
offset mixer by a capacitive voltage divider that 
couples the proper level to the mixer. 

The low frequency variable oscillator, Q22, is a 
standard Seiler type that tunes 2.19-2.64 MHz to 
cover 15-meters. Silver mica capacitors are used in 
the frequency determining circuit for improved stabil¬ 
ity. The variable capacitor used is from the oscillator 
stage of a two-section unit salvaged from a five-tube 
ac-dc broadcast receiver. If you use a variable capac¬ 
itor that is significantly different, you may have to 
size some of the fixed capacitors proportionately. 
This is particularly true if your variable has more 
capacitance, because the oscillator quits if the L/C 
ratio gets too low. Increasing the value of C71 usually 
cures this problem. A 5-volt, three-terminal regula¬ 
tor, U5, operated from the regulated 10-volt supply, 
provides a stable, doubly regulated supply that is also 
used by the offset crystal oscillator. Frequency stabil¬ 
ity is good. Don't use just a zener diode; use the 1C 
regulator. The variable oscillator output is coupled to 


the offset mixer through an R-C section and emitter 
follower, Q23, that isolates the oscillator, reduces 
signal harmonics, and sets the signal to the proper 
level for the mixer. 

The mixer is a doubly balanced, diode-ring type 
with a two-pole, series-resonant type filter at its out¬ 
put. By using a balanced mixer, the oscillator feed 
through at 27 MHz is suppressed reducing the fol¬ 
lowing filter requirements. The mixer design is for a 
nominal 50 ohms at each port, and a commercial 
mixer can be substituted here. The spurious re¬ 
sponses that result from the undesired mixer out¬ 
puts, as well as the transceiver image, are above the 
15-meter band so that the antenna low-pass filter 
aids the resonant circuits of the transceiver in mini¬ 
mizing spurious signals. A buffer amplifier, Q24, fol¬ 
lows the filter that provides +3 to +4 dBm drive 
level to the mixers. 

transmitter rf circuits 

The rf circuits of the transmitter (fig. 7) are acti¬ 
vated by the microphone PTT or key. The modulated 
3.58-MHz signal is applied to a balanced mixer where 
it mixes with the variable frequency oscillator in¬ 
jected signal. The balanced mixer is the same type as 
the one that mixes the two oscillator signals and is at 
the normal 50-ohm impedance level. (A commercial 
mixer could be used instead.) The mixer output is 
passed through three poles of series-resonant filter¬ 
ing. This is the same type of series-resonant circuit 
used elsewhere. A shunt transistor, Q33, is used at 
the second pole. The base bias of this transistor is 
controlled by a pot and it becomes the transmitter 
power control. The fixed resistor in series with the 
transistor's collector determines the maximum power 
reduction. The control can vary the transmitter out¬ 
put at least 30 dB (10 watts to 10 milliwatts). The 
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both transmit and receive. A diode detector at the 
antenna output supplies a readout of transmitter 
power on the front panel S-meter. 

power and control circuits 

The dc power for all circuits, except the transmit¬ 
ter final and the receiver audio output (fig. 8), is sup¬ 
plied by a 10-volt regulator The design, which was 
adapted from one in a Fairchild Semiconductor appli¬ 
cation note, provides good regulation even when the 
input voltage drops close to the regulated level. The 
schematic shows an 8.2-volt zener diode, but a 7.5- 
volt or 9.1-volt diode also works if R96 is adjusted to 
compensate. Don't use R97 to adjust the voltage; its 
purpose is to set the zener current. The circuit also 
has a coarse form of current limiting. This occurs 
when Q29 saturates and the pass transistor, Q30, 
gets no more base drive. The point of current limiting 
can be set by adjusting the value of R94. 

The dc power is switched to the various sections 
of the transceiver by a T-R control circuit. When acti¬ 
vated by the PTT switch or CW key, power is applied 
to the transmitter circuits and removed from some 
receiver circuits. Current is also supplied to the sev¬ 
eral transistors that act as variable impedances 
throughout the transceiver. Most of the receiver cir¬ 


cuits do not have the dc power removed in transmit. 
This enables quick recovery of the receiver for break- 
in keying. 

construction 

All of the circuits are contained on two doubled- 
sided printed circuit boards. The transmitter's mixer 
and amplifier chain are on one board, and everything 
else is on the second. This separates the high-level 
transmitter circuits from the other low-level circuits. 
You'll notice from the board layouts that the top 
(component) side is devoted to ground plane. 
Jumper wires are used where necessary rather than 
disturb the continuity of the ground plane. If, like 
me, you don't have the capability of plated-througb 
holes on circuit boards, solder a number of compo¬ 
nent leads on top and bottom to link the ground 
plane. I usually did this only on resistor leads and the 
few Z-wires where access to the top of the lead is 
easy. This is particularly important on the transmitter 
board and especially for the emitter leads of the P.A. 
output transistors which need a good solid ground. 

The transceiver was housed in a cabinet (Radio 
Shack #270-270) that provides plenty of space. The 
main PC board is mounted on the bottom of the cabi¬ 
net using metal standoffs, which grounds the circuit 
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to the cabinet. The transmitter board is mounted on 
the rear wall the same way. The layout of the trans¬ 
mitter board includes provisions for four PC mount 
phono jacks, that are used for the rf connections. 
This was done to simplify removal of the board, but a 
soldered connection is the obvious way to go if you 
can't find PC phono jacks. The heatsink for the trans¬ 
mitter's final is a 2.5 x 4 inch (60 x 100 mm) piece 
of 1 /8-inch (3-mm) aluminum plate that is secured to 
and insulated from the three power transistors that 
stand in a line across the PC board. The heatsink is 
not grounded and not supported in any other way. 
The speaker is mounted on a bracket behind perfora¬ 
tions in the cover since the cover has to slide on 
when installed. The material that forms the front 
panel of the cabinet is soft aluminum, but it is se¬ 
cured at all four corners when the cover is in place. 
To increase the rigidity of the front panel, I used a 
piece of 0.062-inch (1,6-mml aluminum cut to fit the 
front panel. It is held in place by the bushings of the 
various panel mounted components. It is also easier 


to paint and letter this flat plate and it covers four 
holes in the cabinet's panel intended for handles. 

Because of the wide variations in tuning capacitors 
that might be used, mine wasn't mounted on the cir¬ 
cuit board. Instead, it was mounted on the front 
panel of the cabinet and connected to the PC board 
with a short length of shielded wire. The details of 
the tuning mechanism are shown in fig. 9. This 
design evolved during my search for a simple slow- 
motion drive that is easy to duplicate. I salvaged the 
panel bushing and shaft from an open-style, rotary- 
wafer switch that had a standard 1/4-inch (6-mm) 
shaft. The detent mechanism and switch sections are 
removed, leaving only the bushing and shaft. The 
rear end of the shaft is then turned down to a diam¬ 
eter of 0.11 inch (2.8 mm). Notice the angled bevel 
where the shaft is turned down just behind the bush¬ 
ing. A 3-inch (76-mm) diameter disk is fashioned 
from 0.062-inch (1.6-mm) aluminum and secured to a 
collar which can be mounted on the tuning capaci¬ 
tor's shaft and held in place with a setscrew. Slide 
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the disk forward in contact with the beveled part of 
the shaft and tighten the setscrew. This creates a 
friction drive with a tuning rate of about 35 kHz per 
revolution and no backlash. The exact tuning rate 
depends on the distance from the shaft's center 
where contact is made with the disk. The hole for 
mounting the bushing is a little oversized, to allow for 
some adjustment. Frequency markings are applied to 
the disk and viewed through a window cut in the 
front panel. You can use a commercial vernier drive, 
if you have one, or as a last resort, use a small trim¬ 
mer capacitor in parallel with a main tuning capacitor 
as a bandspread control. 

component selection 

There is little about the circuit that is critical. You 
can use substitutes for many of the components with 
little change in performance. I made an effort to mini¬ 
mize the number of component values used. Where 
possible, resistors and capacitors were selected from 
decade values in 1-3.3-10 sequence. The idea was to 
make it easier for those who had to buy what they 
didn't have. Most hams will resort to the junk box 
first. For resistors, watch ratios and keep the dc bias 
conditions for active devices from varying too much. 
For coupling and bypass capacitors, check the reac¬ 
tance at the frequency of interest and keep the leads 
especially short in rf circuits. If you use the circuit 
board layout provided, all resistors, except the bias 
resistor for the final, are quarter watt size. I used 1/4- 
inch (6.3-mm) disc ceramic and radial electrolytic 
capacitors throughout to minimize board size. 



formers, the details of which are shown in the table. 
The variable inductances use 10-mm i-f cans that I re¬ 
wound. They were originally 4.5-MHz and 10.7-MHz 
transformers in a selection from Poly-Paks. These 
higher frequency units have a plastic bobbin which 
makes them easy to rewind. This is not true of lower- 


frequency (455-kHz) transformers that use a threaded 
cup rather than a slug. Many of them have internal 
capacitors, and in some cases, I retained the internal 
capacitor and added enough capacitance externally 
to get near the value on the schematic. 

Inexpensive, general-purpose transistors are used 
everywhere except in the final. The device that I used 
most was a 2N3904 (and its PNP complement, 
2N3906) since it met my criteria of good perform¬ 
ance, cost, and availability. It has the popular E-B-C 
lead configuration and there are a lot of substitutes 
that you can use without sacrificing performance, 



twisted enough so you can count from 3 to 7 strands in 
a 1/8 inch (3 mml length. 


except possibly in the receiver front-end and trans¬ 
mitter driver. Remember to use transistors with low- 
output capacitance for Q1 and Q19. I was conserva¬ 
tive with transistor ratings and used power-type tran¬ 
sistors if there was a possibility of exceeding half the 
rating of a 2N3904. 

The printed circuit layout provided accommodates 
the mini-dip package version of a 741 op-amp. The 
same layout can be used with the round metal can 
version if the leads are spread. Since a lot of op-amps 
are supplied with the same popular pinout as a 741, 
there are many substitutes that will work here, but 
make sure you use an internally compensated op- 
amp. 

balanced mixers 

The transceiver uses three double-balanced mix¬ 
ers. There's nothing hard about rolling your own. To 
get good carrier suppression, you simply have to 
maintain good balance. The two places where bal¬ 
ance is important are the transformers and the 
diodes. Transformer balance is achieved by using 
transmission line techniques. Diode balance relies on 
matched diodes. 

All of the diodes used in the transceiver, except 
one zener, are the same type, 1N4148 (1N914, 
11NI4454, etc.). You can get these diodes in quantities 
from mail-order houses for a nickel or less apiece. 
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Since you will need a total of twenty-seven for the 
rig, you'll have enough to find three matched sets of 
four. Because the highest frequency of interest is 
only 27 MHz, don't bother matching the reverse 
capacitance. Just use the same type from the same 
manufacturer, so the capacitance is close, and 
match the diodes' forward characteristic as outlined 
here. Measure and match the forward voltage drop 
across the diode with about 1 mA of bias current. A 
10 K resistor in series with a stable 9 to 12 volt supply 
works fine. A high-impedance, accurate VTVM 
should be used (a digital meter is best), but don't 
despair if you don't have one. The bridge circuit 
shown in fig. 10 works with any meter that can dis¬ 
tinguish a change of a few microamperes. 

The transformers for the transmitter and oscillator 
offset mixers (T9, T10, T12, T13) are the same. Using 
small enamel magnet wire, about AWG 34 (0.16mm), 
twist three strands together uniformly to make trifilar 
wire. Wind two turns of the trifilar wire on a ferrite 
bead (Ferroxcube K500100/3B, Ind. Gen. F1650-1-H, 
Amidon FB-43-101, etc.). Two of the strands are 
series connected to form the center-tap of the bal¬ 
anced winding (see fig. 11). The input transformer of 
the i-f mixer (T3) is constructed the same way except 
that two beads, stacked end-to-end, are used for the 
core. The output transformer of the i-f mixer (T4) is 
different because it matches the high impedance of 
the crystal filter. For this transformer, twist six 
strands of magnet wire together, and use two turns 
on a two-bead stack. Connect two strands to make 
the center-tapped winding, as before, then series 
connect the other four strands to make the high- 
impedance winding that connects to the crystal filter. 

checkout and adjustment 

Using these instructions and the theory of opera¬ 
tion, you should have no trouble getting the rig up 
and running if you have had any experience with 
building. The first part of the circuit you want to 
check out is the 10-volt regulator, since this affects 
almost everything else. Connect the external 13.6- 
volt supply and monitor the input current, which 
should be about 100 mA for receive. The regulated 
output should be near 10 volts. Load the regulator's 
output and watch the voltage. It should change less 
than 10 mV for currents up to 750 mA, but go into 
current limiting at about 1 ampere. Adjust the value 
of R94 if the current limiting point is very far off. 

Check the frequency response and peak gain of 
the CW audio bandpass filter using the adjustment 
points described in the theory of operation. A simple 
way to check out the entire audio circuit of the re¬ 
ceiver is as follows: Set the bandwidth switch for 
CW and the VOLUME control at minimum, then 


connect a jumper from the speaker to the filter input 
(top of R43). When you turn up the volume, the 
whole loop will oscillate slightly (50-100 Hz) above 
the center frequency of the audio filter and the S- 
meter will track the volume setting. 

The adjustment of the crystal filter and low-fre¬ 
quency crystal oscillator are interdependent. This is 
best done using a sweep generator. It's a slow, tedi¬ 
ous job with an ordinary signal generator, but here's 
the procedure if a sweeper isn't available: Disable the 
AGC (lift one end of C45) and monitor the audio out¬ 
put, in the SSB mode, with an ac voltmeter. Start 
with L4 set to minimum inductance. Tune across the 
passband and you'll find nearly equal audio peaks at 
500 and 2000 Hz with a big dip in between. Adjust 
the tuning of the 3.58 MHz crystal oscillator if neces¬ 
sary to get the frequencies near these values. In¬ 
crease the inductance of L4 until the variation of 
audio across the passband is less than about 1 dB 
from 350 to 2200 Hz and there is a sharp roll-off of 
the audio at 300 Hz. Don't confuse the low-fre¬ 
quency roll-off of the audio circuits for the filter's 
corner. To be sure, you can tune the crystal oscillator 
up a little higher than normal, which will shift the 
audio frequencies up, so that the filter's corner fre¬ 
quency can be identified, then reset C54 so the cor¬ 
ner is at 300 Hz. Set the bandwidth switch to CW 
and center the signal at the peak of the audio filter. 
Temporarily short the collector of Q19 to ground and 
adjust C53 for a zero-beat by watching the voltage at 
the collector of Q11 with a scope. 

If you have trouble getting the 3.58-MHz oscillator 
adjusted properly, the problem is probably a transis¬ 
tor with too much junction capacitance. One possible 
solution is to bias the junction of Q19 by connecting 
a high-value resistor (10 K to 100 K) from the collec¬ 
tor to +10 volts. You can check the operating fre¬ 
quency of each crystal in the circuit and use the one 
with the highest frequency in the oscillator. 

The other adjustments consist of tuning for maxi¬ 
mum output at the center of the band. 

On-the-air reports with the rig running barefoot are 
favorable. A number of operators have commented 
on the good sounding audio quality that comes 
through in spite of QRP signal levels. I get questions 
about what kind of processor I'm using. The pass- 
band may be only 2 kHz, but only once did I get a 
comment about the lack of highs in the signal. My 
voice tends to be on the low side anyway. I've had no 
trouble working stations all over North and Central 
America from my home in Tennessee. Pile-ups on 
DX stations are another matter however. Of course, 
a linear amplifier is next on the want list. 

ham radio 
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Bobtail curtain follow-up: 

practical DX signal gain 


The second part 
of a two-part series 
on this remarkable antenna 

The actual DX signal gain of any one type of 
antenna over another, at distances beyond about 
2500 miles, does not always correlate well with the 
theoretical "free space gain over isotropic." After all, 
antennas do not operate in free space. Surrounding 
objects, especially ground, are a part of the antenna 
system. 

For distances beyond 2500 miles, angles of signal 
departure below about 15 degrees are almost always 
the most effective. This is true regardless of propaga¬ 
tion path, whether it's one acute geometric bend 
near midpoint or a chordal or ducting mode. And it's 
true regardless of ionospheric tilt. Although it's most 
noticeable on 10 and 15 meters, it still applies to long- 
haul 40- and 75/80-meter propagation. 

To get the angle of radiation down while still keep¬ 
ing the antenna height acceptable on 40 and 75/80 
meters, vertical antennas have long been used. 
Some verticals do a good job. A few, such as a full- 
size half-wave vertical, can do an excellent job in all 
directions. Others seem to radiate "equally poorly in 
all directions." I'll not take time to go into all the rea¬ 


sons why short vertical radiators that are current fed 
near ground level are often ineffective. 

As noted in Part I of this article, simply turning the 
antenna upside-down greatly reduces the ground 
loss problems. For one thing, it minimizes the con¬ 
duction current flowing to ground at the feed point 
when the antenna is ground mounted. It also mini¬ 
mizes the losses caused by displacement currents in 
the near field fighting their way through lossy dirt try¬ 
ing to find a "mirror image" that, in this case, is more 
theoretical than real. In addition, getting the high- 
current portion up in the air allows the antenna to 
radiate somewhat more effectively, and it lowers the 
angle of radiation slightly. 

Users of the Bobtail antenna often report gain im¬ 
provements on long-haul DX of from 10 to 20 dB 
over their previous antenna. But only a little of that 
improvement results from the azimuthal directivity. 
The sometimes startling effectiveness of the Bobtail 
for 40- and 75/80-meter DX is the result of its in¬ 
verted configuration. This is ordinarily more notice¬ 
able in a built-up, residential area than in an open 
field. 

The gain attributable to the horizontal directivity of 
a two-element Bobtail, or half square, is about 4 dB 
over that of an inverted groundplane using two reso¬ 
nant radials. The half-power beamwidth of each lobe 
of the bi-directional figure-8 pattern is about 60 de- 

By Woodrow Smith, W6BCX, 2117 Elden Ave¬ 
nue, Apt. 20, Costa Mesa, California 92627 
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grees — wide enough to cover some worthwhile 
geography while still providing useful gain. 

The full-size Bobtail (for those that have the room) 
has a directivity gain of slightly over 5 dB (compared 
with the same reference). The half-power beamwidth 
is about 50 degrees. Four or five dB doesn't sound 
like much, but if your signal is marginal it can make 
the difference between copy and no copy. On re¬ 
ceive, the discrimination you get from the azimuthal 
directivity can be worth more than the 4 or 5 dB 
when it comes to what you can copy through noise 
and QRM. 

The slight extra gain of the full-size Bobtail over 
the two-element should be considered a bonus. The 
main advantage of the full-size version is that spuri¬ 
ous lobes are reduced in amplitude, and therefore 
end-fire, high-angle pickup on receive is reduced. 
There is no point in being able to deliver a readable 
signal 6000 miles away on 40 if you can't hear the 
other station because of bad off-axis QRM from a 
station 600 miles away. 

direct coax feed 
versus voltage feed 

As noted in Part I, if certain precautions are taken, 
direct coax feed can be used with a half-square ver¬ 
sion of the Bobtail. The disadvantage of doing so is 
that it limits the antenna to one band. Voltage feed¬ 
ing one end of a half square permits use on half fre¬ 
quency, as sort of a drooping, half-wave dipole. At 
twice the frequency it functions as a combination of 
two co-phased vertical dipoles a wavelength apart, 
with the resultant cloverleaf end-fire and broadside 
pattern having its nulls filled in fairly well by the pat¬ 
tern produced by the horizontal full-wave portion. 
Voltage feeding the half square at three times fre¬ 
quency produces an interesting multiple lobe pattern 
that results in unpredictable results. Voltage feeding 
one end of a half square cut for 40 meters will thus 
provide a low-angle, "far DX" figure-8 pattern on 40 
while also doing a good general-coverage short- and 
medium-haul job on 80. 

On 20 meters the composite pattern obtained re¬ 
sults in a good, general coverage "long" DX antenna 
that in addition is effective in the 750- to 1500-mile 
range. Voltage feeding it on 15 meters produces an 
interesting multiple lobe pattern that will sometimes, 
as noted above, produce results that often are sur¬ 
prising - and occasionally amazing. 

On 10 meters it should be considered simply a ran¬ 
dom long wire that is capable of providing lots of 
good clean fun when the band is hot. 

Unfortunately there is no really good way to feed a 
three-element Bobtail directly with coax, even for 
one-band operation. No matter how the coax is 


brought down from the center element there is going 
to be objectionable unbalanced coupling to the coax 
from radiating portions of the antenna. Using a balun 
does not cure the problem. 

Connecting the coax to an end radiator junction as 
described for the half square does reduce the unbal¬ 
anced coupling, but the current distribution in the 
three elements no longer is symmetrical. Current will 
be greatest in the fed element, thereby skewing the 
pattern and reducing the gain. 


“Here’s the best place 
to feed 
a 

Bobtail curtain...” 


The only really good way to feed a three tailer is to 
voltage feed the bottom of the center element. This 
permits multi-band operation in pretty much the 
same fashion as with the half square, though the 
lobe pattern on bands other than the fundamental 
will be slightly different. The main difference is that 
on half frequency the three-tail version makes a 
much better end-fire "medium DX" antenna than a 
half square. However, this is at the expense of high 
angle (short haul) effectiveness, particularly broad¬ 
side. 

"Zepp" voltage feed 

Way back in the 1930s, PA0ZN came up with an 
antenna resembling a two-tail Bobtail lor half square) 
in appearance except for feed method. It was fed at 
the center of the horizontal section (a high impe¬ 
dance point) via Zepp feeders. The antenna obvious¬ 
ly belongs to the "inverted ground plane" family, 
with the attendant advantages over a right-side-up 
arrangement. 

However, the mutual impedance between the 
Zepp feed line and the rest of the antenna is such 
that strong in-phase currents are induced in the line, 
thus producing considerable "antenna effect" on the 
feed line. This is strong enough to produce sufficient 
distortion of the pattern to "dirty up the nulls" a bit 
without providing a significant increase in gain. The 
pattern is cleaner when the Zepp feed line is attached 
to one end of the radiator. While both radiator and 
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feed line are unbalanced slightly with such an asym¬ 
metrical arrangement, the resulting imbalance is not 
enough to cause serious mischief. 

If you want a dual band (say, 40 and 20 meters) 
omnidirectional DX antenna and would like to use 
Zepp feeders all the way to the shack, I would sug¬ 
gest an inverted ground plane with two radials, with 
the vertical element of the I.G.P. fed at the bottom 
with one side of the open wire line. 

If you would like to Zepp feed a three-element 
Bobtail, be sure to feed the center element. But 
remember that the main reason for using a three-ele¬ 
ment Bobtail instead of a half square is the cleaner 
pattern, and while Zepp feeding the center element 
will not unbalance the antenna itself, the inherent 
unbalance in the Zepp feed line will cause some pick¬ 
up by the line when receiving, even if the open line is 
brought off at right angles out of the near field. 

Considerable voltage will be built up across an 
open feed line at the high impedance points when 
the line is used as a Zepp feed line on transmit, so be 
sure to use sufficient spacing if you are running 
power. 

ground screens and grounding 

No antenna that is fed via an unsymmetrical feed 
system can be 100 percent ground-independent. 
However, if the impedance between antenna feed 
point and ground is over about 1000 ohms there will 
be very little current flowing to ground. In this case 
not much of an earth ground will be needed at that 
point for the antenna. A small ground screen, laid on 
the ground or a flat roof, or suspended or supported 
near the network matching 50-ohm coaxial line to the 
high impedance Bobtail antenna feed point, makes 
an effective rf ground. Such a screen will make a bet¬ 
ter rf ground than a lightning stake, or stakes driven 
in the soil. If one of the latter, properly installed, is 
advisable for lightning protection in your area, it still 
is a good idea to use a small ground screen as an rf 
ground. 

One ready-made ground screen widely available is 
a 3 x 5 foot (0.9 x 1.5 m) piece of galvanized hard¬ 
ware cloth, packaged by Sears under the catalog 
number 44531 and available off-the-shelf at some 
Sears retail stores. Current catalog price is about 
$7.00a roll. 

To see if the ground screen is doing its job, simply 
touch the "rf ground" while running low power to 
see if the VSWR or field strength changes signifi¬ 
cantly. If it does, either shorten the connecting wire 
between screen and matching network or series res¬ 
onate the wire with a mica capacitor. The value will 
not be especially critical. Possibly on 75/80 more 
screen will be required. Ordinarily if the antenna di¬ 



mensions are near optimum, not much screen will be 
required in order to do the job properly. 

guys and metal masts 

When using wooden masts to support a Bobtail 
the usual precautions apply to breaking up adjacent 
guy wires to avoid resonance. There is nothing 
wrong with using metal masts of EMT or aluminum 
tubing as the outside vertical elements to save lot 
space. This requires a strong base insulator of low 
loss material, preferably having low shunt capacity. 
Nonmetallic guys do a better job electrically than guy 
wires, even if the latter are well broken up. The tub¬ 
ing should be of no greater diameter than what is re¬ 
quired for adequate mechanical strength. A tubing 
element will be slightly shorter physically than a wire 
element for the same electrical length. Also, the 
shunt capacity of the base insulator will require 
shortening the element a bit more. However, if you 
merely make them 3 percent shorter than a wire ele¬ 
ment of optimum electrical length, and try to keep 
the base shunt capacity low, it should be close 
enough. Tubing joints should make good electrical 
contact or be jumpered. 

Unless a piece of thick-walled fiberglass tubing or 
the like is used as the base insulator, it should be 
used only to support the weight of the mast, and not 
to hold the bottom rigidly vertical. This probably 
means an extra set of guys. 

Keep in mind when planning your installation that 
the bottoms of the tails are quite hot with rf and can 
cause a bad burn if you are running much power. 
One way to avoid this is to slip some small-diameter 
clear plastic (such as fuel line) tubing over the ends 
of wire tails closer than 7 feet (2.5 m) from ground. If 
you decide to use metal tubing for the end elements, 
slit or saw lengthwise a few feet of PVC plastic pipe 
and tape it over the bottom of each mast. 

ham radio 
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A simple, automatic 
negative voltage tracking system 


dual voltage power supply 


Anyone who tinkers with integrated-circuit proj¬ 
ects will eventually have to provide a negative volt¬ 
age supply for op amps (operational amplifiers — see 
fig. 1). Batteries may seem a simple solution, how¬ 
ever, after purchasing several quality 9-volt alkaline 
batteries at $2 each, you soon see the false economy 
in that. 

Deciding my money could be better spent on parts 
for a power supply, I set out to find a good schematic 
design. After my initial search it seemed I would have 
to purchase two voltage regulators, one for positive 
and one for negative, to obtain a regulated positive/ 
negative supply. I wasn't willing to spend at least $4 
each for voltage regulators and have the hassle of 
adjusting two knobs to set both voltages. Neither 
was I excited about watching two meters to be sure 
both voltages remained equal under changing load 
conditions. After extensive research, I found a small 
diagram in a Radio Shack semiconductor guide 
under the 78XX series voltage regulators using op 
amps. 

A 741 op amp is much cheaper than a monolithic 
negative voltage regulator, such as the LM337T. A 
741 op amp costs 790 at Radio Shack (part 
#276-007). Even if you add the cost of Q3 to the op 
amp, it is still three dollars cheaper than the negative 
regulator, plus the 5-kilohm potentiometer required 
to control it. And, only a single control is needed to 
set both voltages simultaneously. 


operation 

Automatic negative voltage regulation for a fixed- 
voltage supply is provided by the circuit illustrated by 
fig. 2. It es a 741 op amp in an inverting configura¬ 
tion. The op amp compares the voltage between pins 
2 and 3. It supplies an equal but opposite voltage at 
its output, pin 6, by sensing the difference between 
the two input voltages and inverting that voltage at 
its output. This in turn biases the pass transistor into 
conduction providing the power supply negative 
voltage output. 

Fig. 3A shows how this basic idea is used to build 
a positive/negative variable voltage supply. R11 and 
R12 are current-limiting resistors connecting the neg¬ 
ative and positive power supply outputs. Since these 
resistors are of equal value, they will have equal volt¬ 
age drops with equal applied voltages. 

When the negative supply voltage is exactly equal 
and opposite the positive supply voltage (- 10 volts 
and +10 volts, respectively) the two voltage drops 
across R11 and R12 are equal. They cancel each 
other and provide zero volts at pin 2 of the op amp, 
U1, which compares the zero volts on pin 2 with the 
ground on pin 3 (also zero volts) and finds they are 
equal. U1 therefore gives no output on pin 6. 

By Fred Hurteau, WD4SKH, Rt. 5, Box 23-T, 
Whiteville, North Carolina 28472 
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The finished product. The top half of the faceplate contains 
all controls for the l-ampere supply. The bottom half has all 
controls for the 2.5-arnpere supply. The face plate was made 
prior to final testing, and bears the estimated 3-ampere 


When adjusting the positive voltage regulator (U2) 
for a desired positive supply voltage, that voltage 
drops across R11, raising the voltage sensed by pin 2 
of U1. U1 supplies an equal but opposite voltage to 
the base of Q3, biasing Q3 into conduction. Q3 drives 
Q2 into conduction, providing a negative voltage at 
the supply output. There it drops across R12, lower¬ 
ing the voltage sensed by pin 2. When the negative 
supply voltage lowers to the exact opposite of the 
positive supply voltage, they cancel each other at pin 
2, completing the cycle. The op amp continuously 
and instantaneously controls the negative supply 
voltage, keeping it exactly equal but opposite the 
positive supply voltage. 

circuit description 

R13 is a balance control to adjust lor differences in 
the values of R11 and R12. A 1 kilohm potentiometer 
should be sufficient for R13, since the difference 
between two 4.7K, 10 percent tolerance resistors 
shouldn't exceed 940 ohms, even in an extreme case. 

I used a circuit-board-mounted pot since this should 
be a one-time only adjustment (when you first cali¬ 
brate the supply). Simply adjust R13 so the negative 
voltage is exactly equal to (and of opposite sign to) 
the positive regulated voltage. No further adjustment 
should be required. I suggest calibrating R13 in the 
VOM range, that covers the full power supply volt¬ 
age range. This will eliminate the need for switching 
ranges when checking your calibration. Switching 
from one range to another could give you slightly dif¬ 
ferent readings at the same voltage setting. 

RIO is a current-limiting resistor intended to keep 
U1 from burning itself out should it try to supply too 
much current to Q3. When testing the circuit, I tried 
to bias Q2 directly with U1. But Q2 required too 
much base current and U1 self-destructed. Any small 
current PNP can be used in the place of the Radio 
Shack 2025 I used for Q3, as long as it will withstand 


the required driving current to Q2. I measured 19 /iA 
on the base of Q2, under no toad, and 17 mA (nearly 
900 times more current) at a 2.4 ampere load at 15 
volts output. 

The op amp requires a positive/negative voltage 
supply for its own operation. The regulated supply 
voltages to run the op amp are obtained by employ¬ 
ing 18-volt zener diodes D1 and D2. Since the op 
amp draws very little current, R3 and R4 are mainly 
used to limit current through the zeners. Half-watt or 
one-watt zeners provide a sufficient power rating. 

a new approach 

I believe the manner in which I have employed the 
regulator U2 in biasing the pass transistor Q1 is a 
novel approach. Other designs using 3-pin adjustable 
or 3-pin fixed voltage 78XX series regulators use a 
PNP pass transistor with its base connected to the 
emitter through a resistor or its base tied to the regu¬ 
lator input, as in fig. 4. The regulator output and 
pass transistor collector are tied together at the out¬ 
put. My approach uses an LM317T 3-pin adjustable 
positive voltage regulator (U2). It can be used alone 
for up to 1.5 amperes current, or with a pass transis¬ 
tor to increase the available current. I used this type 
regulator alone for the 1.2 to 25-volt supply, as 
shown in fig. 3B. This extra supply was built into the 
same cabinet as the positive/negative supply. U3 is 
shown in a standard application of the LM317-type 
regulator. I used 0.47 *iF electrolytics for C5, C6, C9, 
and CIO. The recommended capacitors are 0.33 
tantalums for C5 and C9, and 0.1 ;<F tantalums for C6 
and CIO. (See final comments.) 

In fig. 3A you see that the output of U2 is used to 
bias the base of the NPN pass transistor directly, as 
opposed to the bias coming from the same line as the 
PNP emitter (fig. 4). R5 and R6 are used as current 
dividers. R5 is half the ohmic value of R6, allowing 
twice as much current through pass transistor Q1 as 
passes through regulator U2. Therefore, if the regu¬ 
lator is passing its maximum current of 1.5 amperes, 
the transistor can pass twice that, or 3 amperes, the- 
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oretically providing up to 4.5 amperes of current at 
the output. 

The LM317-type regulator has internally controlled 
automatic shutdown for overheating and overcurrent 
protection. Should the regulator reach its safe limit, 
it will automatically shut down. In this configuration, 
if U2 shuts down, there is no bias for Q1. This shuts 
off Q1, and consequently, turns off the negative sup¬ 
ply. Q1 is a 115-watt transistor rated at 15 amperes 
collector current, so it is not likely to overheat while 
passing only 3 amperes of current. In fact, it should 
never get past warm to the touch if it is properly 
heatsinked. Even if the regulator is operating at its 
extreme limitations, it will always shut down in an 
overload situation before Q1 can overheat, because 
Q1 is operating at only one-fifth its rated capacity in 
that same extreme case. Overdesign was mostly a 
function of junk box availability. 

D4 is used to isolate the Q1 emitter from its base. If 
D4 shorts out, it shuts down Q1, again preventing 
any possibility of thermal runaway. Be sure D4 is 
rated higher than your expected 1.5 ampere current 
through the regulator, or you may be constantly re¬ 
placing D4. A 2.5 ampere diode should provide a suf¬ 
ficient safety margin. 

As shown in figs. 3A and 3B, I used fused outputs 
on both power supplies as an additional safety factor. 

additional features 

Ml and M2 are two halves of a dual VU meter 
modified for use as voltmeters. R14 and R15 are 
actually 100-kilohm resistors in series with 25-kilohm 
circuit-board-type potentiometers, used to calibrate 
the meters. I added some LED indicators (D3, D6, 
and D7). D6 and D7 indicate (fig. 3B) to which volt¬ 
age scale I have the meter set. I use a 0-10-volt scale 
for better resolution at low voltages, and a 0-30-volt 
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This rearview shows heatsinking. Far left heatsink is for the 
l-ampere supply regulator, mounted to the sink from the in¬ 
side. Center sink has the GE 14 (Q1) while the right sink has 
the 2SB539 (Q2). Be sure to use silicone heatsink compound 
when mounting transistors to any heatsink. 


scale for higher voltages. A microammeter would be 
preferred over the milliammeter used for M3, but 
again, I used what was available in my junk box. R20 
through R23 are calibrating resistors for M3. 

D3 tells me when the output is turned on by switch 
2. Since the LM317 regulator can be turned down to 
no lower than 1.2 volts, such a switch is handy. With 
S2 open, U2 has no input and, therefore, no output. 
Likewise, Q1 and 02 are turned off when U2 has no 
output, so there is no need for a switch on the nega¬ 
tive side. 

My design has partially taken care of the minimum 
voltage problem, even without S2. Due to the volt¬ 
age drop across D4, and a similar drop apross the Q1 
base, the minimum output is reduced from 1.2 to 
about 0.6 to 0.8 volts. That low a voltage forces very 
little current through anything but a dead short. 
However, you can program the minimum voltage up 
to 1.2 volts, or any higher voltage, by adding a fixed 
resistor between R8 (or R18) and ground. The for¬ 
mula for calculating the needed resistance is covered 
in the applications data sheet supplied with the regu¬ 
lators. 

a limitation 

The idea of using an op amp as the negative volt¬ 
age regulator has one limitation: the supply voltages 
for the op amp. The operating voltage limits for op 
amps are generally from 16 to 18 volts. The op amp 
has internal voltage drops. With the extra voltage 
drops across RIO, Q3, and Q2, I can get only up to 
15.5 volts at the negative supply output (depending 
on the load). This is quite sufficient for operating op 
amp test circuits. 

The 741 op amp I used was rated at 16 volts maxi¬ 
mum supply voltage and I am presently operating at 
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18 volts. No damage has occurred thus far, but I 
would not be surprised if the op amp fails one day. 
Since this is a learning experience for me. I'm willing 
to chance a 79-cent op amp. But if you want to be 
safe, use the recommended supply voltages when 
choosing your zeners. 


performance 

My original intent was to operate small experimen¬ 
tal circuits which draw no more than 500 mA in ex¬ 
treme cases. The power supplies outlined here are 
more than adequate for that purpose. I built them to 



fig. 3. (Al Positive/negative variable voltage supply. IB) An LM317T three-pin adjustable positive voltage regulator is used in 
the 1.2 to 25-volt supply. 
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give everything the transformers would provide, and 
they do. 

Voltage and ohmic measurements were made using 
a Fluke 8024A Digital Multimeter. Ripple measure¬ 
ments were made with a Hewlett Packard 180A 50- 
MHz scope, with the Hewlett Packard 1801A Dual 
Channel Vertical Amp and 1821A Timebase. 

I overestimated the capacity of T1, a transformer I 
salvaged from an old TV set. I guessed it would sup¬ 
ply 3 amperes, which was about 0.5 ampere too 
much. T2 was salvaged from a junked receiver and 
rewound to suit my needs. 

The positive supply in fig. 3A showed 17.4 volts 
into a 6.3-ohm load, with less than 10-mV ripple. 
However, between 17.4 and 17.8-volts output the 
ripple rose sharply to 900 mV. That gives 2.76 and 
2.82 amperes at 17.4 and 17.8-volts respectively. So, 
a rating of 2.5 amperes for T1 would have been quite 
reasonable, instead of my estimated 3 amperes. 

The negative voltage side of fig. 3A delivered 14.6 
volts into the same load with less than 10-mV ripple 
also. Since the negative voltage is limited by the op 
amp supply voltages, it would not adjust any higher. 

Positive and negative outputs were tested simulta¬ 
neously into 12-ohm loads, and yielded the same per¬ 
formance as their individual ratings into 6.3 ohms. 
Additionally, the negative voltage tracked positive 
within ±0.05 volt throughout the range 1.2 to 15 
volts. 

The positive supply was further tested using a 3- 
ohm load, which put a 4,5-ampere current through 
the supply. The regulator circuit was monitored with 
one meter while the total output was monitored on 
another. The regulator circuit provided 1.6 amperes 
of the total 4.5-ampere output, with 2.9 amperes 
flowing through the pass transistor. This is very close 
to the designed current distribution ratio. The supply 
was run for a full fifteen minutes at the 4.5-ampere 
output, which is 2 amperes higher than its rated ca¬ 
pacity. My intent was to force the regulator to over¬ 
heat and shut down. However, the supply performed 
flawlessly, and ran the whole time with no signs of 
cutting back or shutting down. The regulator heat¬ 
sink was too hot to touch but the pass transistor was 


not excessively hot. No doubt forcing the issue 
would eventually cause the regulator to shut down. 
Since the unit had already performed far above ex¬ 
pectation, I decided to let it go at that. 

The supply in fig. 3B works equally well. It sup¬ 
plies 24 volts into an 18.3-ohm load with less than 10- 
mV ripple. At 24 and 25-volts output, with the same 
load, the ripple sharply rises to 900 mV, The 1 am¬ 
pere rating for T2 is therefore a fair rating. This sup¬ 
ply was also tested with a 31-ohm load and yielded 
27.2 volts at less than 10-mV ripple. This is surprising 
since that is above the transformer voltage of 26.5 
volts. 

final comments 

A technician friend reviewed my test data and rec¬ 
ommended changes in C5, C6, C9, and CIO, which 
should improve the ripple rejection. Due to the inter¬ 
nal reactances of electrolytic capacitors, as com¬ 
pared to tantalum capacitors, the desired frequency 
response can be approximated by using 0.1 -fiF 
ceramics for C5 and C9, and by using 10-^F electro- 
lytics for C6 and CIO. You might try this change 
when building yours. 

Except for the LM317 regulators, all parts for these 
two power supplies were obtained from the prover¬ 
bial junk box. I present these ideas as building blocks 
for others to improve upon. I am certainly no expert, 
but I will try to answer any questions you may have if 
you will enclose an SASE. I suggest some type of 
overvoltage protection circuit if you plan to use this 
or any other power supply with expensive or sensi¬ 
tive equipment. 1 

I wish to thank N4BGU for assisting with final test¬ 
ing and test data, and without whose patience I 
would probably not have learned much of anything 
about electronics except that required to pass my 
Novice exam. 

reference 

January, 1980, page 140, 
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ham radio magazine presents 
this latest examination of 
GaAs FET low-noise operation 
at lower than normal 
frequencies. 


GaAs FET performance evaluation 

and preamplifier application 


A look at 
some popular devices 
for UHF and VHF 

The performance of GaAs FETs in terms of noise 
figure, gain, and overload capabilities at VHF and 
above is well known. A new device, the ALF1023 by 
Alpha Industries, makes it possible to obtain good 
performance at low cost ($12 in small quantities). 
These new GaAs FETs are particularly useful in im¬ 
proving two-meter receivers where front-end over¬ 
load is a problem. 

I tested seven popular GaAs FET devices at 144 
MHz for noise figure, gain, 1-dB compression point, 
and third-order output intercepts. The results are 



shown in table 1. All the devices have essentially the 
same characteristics at 144 MHz. 

The third-order output-intercept point was meas¬ 
ured under slightly different bias conditions than for 
low-noise biasing, as was the 1-dB compression- 
point measurement. A higher drain current (approxi¬ 
mately 50 percent higher) was used for these meas¬ 
urements. The third-order output intercept was sub¬ 
stantially improved by this bias condition. 

This improvement in third-order intercept indicates 
one of the design trade-offs that one must consider. 
A sacrifice of noise figure to obtain a higher intercept 
point is typical. However, when biased for lowest 
noise, the GaAs FET is already superior to the bipolar 
device it is to replace. 

The improvement in freedom from overload and 
intermod obtained by using a GaAs FET device to re¬ 
place a bipolar transistor is pronounced. Fig. 1 
shows the schematic of the test circuit used at 144 
MHz. 

Similar circuits for 220 and 432 MHz are popular 
and give similar results. At 432 MHz and above, how¬ 
ever, some devices start to show slightly higher noise 
figures than others, even though they are essentially 
identical at 144 MHz. 

The accurcy of noise-figure measurement must be 
mentioned here, for I have encountered advertise¬ 
ments stating "0.2 dB" noise figure. Noise-figure 
measurements are relatively easy to make — noise- 
figure accuracies are inherently uncertain. This un¬ 
certainty will not be explored here except to state 
that the major elements of this error are: 

1. Instrumentation error (meter, electronics 
accuracy) 

2. ENR uncertainty (noise-source accuracies) 

By Dennis Mitchell, K8UR, 35 Mt. Pleasant 
Street, Marlboro, Massachusetts 01752 
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3. Mismatch uncertainties (VSWR between source 
and device) 

4. Second-stage uncertainties 

I did not verify the noise-figure claims for many 
Amateur-band preamplifiers tested. 

The system used for the gain and noise-figure 
measurements listed in table 1 was an HP 346B 
Noise source and HP 8970A Noise-Figure Meter with 
a typical root-sum-of-squares uncertainty of ±0.23 
dB at 144 MHz. 

Fig. 2 shows a plot of the Sji and S22 characteris¬ 
tics of the ALF1023 GaAs FET from 100 to 8000 MHz. 
Fig. 3 clearly depicts the ALF1023 dc and rf perform¬ 
ance. Fig. 3a is a curve trace showing l ds versus V gs 
with an l dss of 50 mA. Fig. 3b illustrates the trade-off 
possible between noise figure and intercept point for 
given values of drain current. 
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rotator* 

for your peace of mind. 

Determine the total wind-load area 
of your antenna(s), plus any 
antenna additions or upgrading 
you expect to do. Now, select the 
matching rotator model from 
the capacity chart below. If in 
doubt, choose the model with the 
•next higher capacity. You'll not 
only buy a rotator, you'll buy 
peace of mind. 


technical forum. 


In this month's Technical Forum, 
we are going to begin presenting 
questions for our readers to answer. 
Our readers are encouraged both to 
send in questions of their own relat¬ 
ing to Amateur Radio, and to answer 
the questions of other Amateurs as 
they appear in this column. The best 
and most complete answer to each 
question will be published in a future 
issue, and the reader who provides 
the answer will be awarded a prize in 
the form of a book from Ham Radio's 
Bookstore, Send all Technical Forum 
correspondence to Technical Forum, 
Ham Radio Magazine, Greenville, NH 
03048. Now for the first question: 

/ am building an eight-turn helical 
antenna for the 432-MHz band. Every 
article / have read indicates a 140 
ohm input impedance for something 
dose to that value!. My feed line is 
TV. coax cable: 70-ohm solid alumi¬ 
num outer jacket with solid, copper 
coated steel wire for the center con¬ 
ductor and foam insulation. 

Can anyone tell me the most effi¬ 
cient way to couple the antenna to 
the 70-ohm line? And can anyone tell 
me the best way to couple the 70- 
ohm line to the 50-ohm input of the 


At the Dominion Radio Astrophysi- 
cal Observatory, British Columbia, 
Canada, we have built a synthesis 
radio telescope, using surplus 28- and 
30-foot reflectors Isee below). Aper¬ 
ture synthesis is a technique for mak¬ 
ing big radio telescopes out of little 
ones, and we have four small dishes 
spaced, along a 2000-foot baseline. 
This gives our synthesis telescope a 
beam of 1 minute of arc (one sixtieth 
of a degree) at 21 cm wavelength 
(1420 MHz). It is a powerful radio 
telescope, which produces world- 
class astronomical research. 

The four dishes we are using were 
obtained from surplus. Two 28-foot 
Kennedy Model 717 antennas came 
from the Canadian Defense Research 
Board. Two 30-foot Radiation Sys¬ 
tems dishes were found in a scrap 
metal yard in California. 

We are looking for more dishes of 
these two types, so that we can ex¬ 
tend our telescope and make it more 
sensitive. Can any of ham radio's 
readers help us locate used dishes 
which might be for sale? 

Tom Landecker 
Dominion Radio Astrophysical 
Observatory 
P.0. Box248 
Penticton, B. C. V2A 6K3 Canada 
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RFI revisited 

In my September, 1982, column I dis¬ 
cussed some of the problems I en¬ 
countered with severe radio and TV 
interference generated by my micro- 
wave oven. I also told of the subse¬ 
quent runaround I received from the 
dealer and the manufacturer's service 
department. I've received a lot of mail 
about microwave oven RFI, and I 
think you might be interested in some 
of the remarks: 

Art Nichols, W6EVL — "I returned 
my first Montgomery Ward micro- 
wave oven because it was 40 dB over 
S9 on 80 meters. The second one I 
got was better — it was only 20 dB 
over. I used an external filter until the 
warranty period was over, then put a 
pair of 0.1-/iF, 600-volt capacitors 
from each side of the line to the case. 
That did the job fine. Montgomery 
Ward told me they didn't supply a 
filter." 

David Cornell', K9B0 — "I live in a 
medium-signal-strength area outside 
of St. Louis, Missouri, and own a 
General Electric Model J-ET015-OY1 
oven. The TV shows no interference 
from the oven, and all I hear is a slight 
noise on the broadcast band when 


the radio's tuned to a quiet spot. This 
contrasts with your Amana report, 
suggesting that perhaps some micro- 
wave ovens are less objectionable 
than others in terms of RFI." 


“He finally wrote 
the FCC about the 
problem, and 
received a reply 
by telephone. ” 


Jim Ford, N6JF — "I was more 
successful than you in getting a filter 
for my microwave oven, but it took a 
letter to the Bureau of Appliance Re¬ 
pairs in Sacramento, California. The 
filter they installed helped but was no 
cure. A friend's Sharp microwave 
oven is clean of RFI. There is no inter¬ 
ference to any channel of a nearby 
TV set that uses a set of rabbit-ears 


for an antenna." (Note: Jim's oven is 
an Amana. The form letters he re¬ 
ceived from the Customer Specialist 
at Amana seemed to indicate that 
they either don't understand the 
problem or else prefer to pretend it 
doesn't exist.) 

Francis Stifter, President, Elec¬ 
tronic Specialists, Inc. — "We have 
had many calls from people with 
microwave oven interference prob¬ 
lems. One of our line-cord filters usu¬ 
ally takes care of it. Occasionally it is 
necessary to fold the oven power 
cord into a small bank to eliminate the 
last traces of TVI." (Note: The cata¬ 
logue of filters and other interference- 
control devices can be obtained from 
Electronic Specialists, Inc., 171 
South Main St., Natick, Massachu¬ 
setts 01760.) 

Curt Powell, WB4WAA - "\ had a 
similar RFI problem with my Mont¬ 
gomery Ward microwave oven Model 
KSA-8192A." Curt describes a frus¬ 
trating experience he had with the 
company. He wrote the FCC about 
the problem, and received a reply by 
telephone. The FCC told him that the 
pulsed power supply energy was cre¬ 
ating interference that was radiating 
down the power cable and being con¬ 
ducted back into the line by the con- 
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"The FCCmay 
have received 
brickbats from 
hams , but here 
they are strongly 
on the side of 
the consumer!” 


nection. They informed Curt that the 
oven had been built by Sharp, and 
that Sharp was sending "a new trans¬ 
former." Eventually the replacement 
part arrived, was placed in the oven 
by the Montgomery Ward Service 
Department, and the problem was 
solved. As Curt says, "The squeaking 
wheel gets the grease!" Obviously, 
the FCC had called both Sharp and 
Montgomery Ward over this prob¬ 
lem. A follow-up letter was sent to 
Curt by the FCC. 

the letter from the FCC 

The letter Curt received was from 
Charles M. Cobbs, Acting Chief, 
Equipment Authorization Branch, 
Federal Communications Commis¬ 
sion, Office of Science and Technol¬ 
ogy, Box 429, Columbia, Maryland 
21045. The letter said, in part: 

"We are very interested in the out¬ 
come of cases similar to yours. How¬ 
ever, at the time of Type Approval of 
the model oven you have purchased, 
a line-conducted specification was 
not in effect for miscellaneous equip¬ 
ment, as microwave ovens are de¬ 
fined by our rules. 

"In an effort to alleviate the prob¬ 
lem, we are writing to the manufac¬ 
turer of your oven and asking them to 
contact you directly and report to us 
their solution and specific action they 
used to bring the oven into a proper 
operating condition. Please inform us 
if nothing has been done within a rea¬ 


sonable time." (signed) Charles M. 
Cobbs 

hurray for the FCC 

The FCC may have received brick¬ 
bats in the past from hams, but here's 
an instance in which they are strongly 
on the side of the consumer! And the 
Goldwater RFI bill should make the 
situation a lot better in the future than 
it has been in the past. 

I suggest that if you contact the 
FCC regarding RFI from your micro- 
wave oven or other home equipment, 
you specify the name, model, and 
serial number of the equipment and 
the manufacturer and purchase date. 
It seems that when the FCC contacts 
some of these manufacturers, some¬ 
thing happens. 

the ground plane 
versus the dipole 

In my October column I com¬ 
mented that tests I'd run comparing a 
ground plane antenna and a dipole 
seemed to show that the dipole 
outperformed the vertical both for 
transmission and reception. That 
conclusion brought some interesting 
comments from the readers: 

Harry Hyder , W7/V — "In the late 
'60s I had both a ground plane verti¬ 
cal and an inverted-V. I was thus able 
to make direct comparisons. The ver¬ 
tical was a Hustler 4BtV, roof 
mounted, with four resonant radials, 
drooping slightly. The inverted-V was 
35 feet at the apex and about 20 feet 
off the ground at the ends. 

"At that time, I worked ZS1A fre¬ 
quently on 40-meter CW. I always 
heard him better on the inverted-V 
because of the lower noise level. On 
transmit it was a different story. He 
always heard me on the vertical (con¬ 
ditions permitting) but when I 
switched to the dipole my signal was 
always much weaker and I frequently 
dropped out completely . . . 

"A friend of mine, W7IR, made the 
first 160-meter WAC from W7-land. 
He has a 90-foot vertical and a 160- 
meter inverted-V with the apex at 65 
feet. The dipole is better for reception 


but is useless for DX transmission; 
the vertical outperforms the V by a 
large margin." 

Warren Amfhar, W0WL — "From 
this writer's experience, when the 
ZLs are coming through on 80 meters 
during the early hours and a switch- 
able vertical-to-horizontal antenna is 
used, the horizontal works better. 
Why? Because the signal is usually 
coming via multiple-hop, high-angle 
propagation." 

Alan Bloom, N1AL — "Aren't you 
comparing apples and oranges? The 
radials on a ground plane 12 feet 
above ground do not act like an infi¬ 
nite ground. This antenna has a verti¬ 
cal radiation pattern similar to that of 
a dipole unless it has an "infinite" 
high-conduction ground at its base. 
Also, could the greater noise on the 
ground plane have something to do 
with its location nearby to house wir¬ 
ing? My own pet antenna is a high 
and long end-fed wire with lots of 
counterpoise wires. I used to have 
fun working Europe on 80 CW with 
my HW-16 with my "invisible" (No. 
28 wire) 200-foot end-fed wire." 

Roy Lewallen, W7EL — "In an ex¬ 
periment similar to yours, comparing 
a ground plane antenna with its bot¬ 
tom at 35 feet to an inverted-V dipole 
at about 40 feet, I found no direction 
or distance for which the ground 
plane did as well as the inverted-V on 
20 meters. 

"On 40 meters, a ground-mounted 
vertical with a good radial system 
approximately equals an inverted-V 
with its apex at 40 feet for signals be¬ 
yond 500 to 1000 miles; closer sta¬ 
tions are better on the inverted-V. 

"When comparing vertical and hor¬ 
izontal antennas, signals must be 
monitored for some time to get accu¬ 
rate results. The antennas may in fact 
take turns being better than each 
other by 30 dB, because of polariza¬ 
tion rotation of the received signals. 
On 40 meters, a typical period of rota¬ 
tion is from about one-half minute to 
a few minutes. The frequently heard 
question, 'Now I'm trying antenna 
number one. Now I'm using antenna 
number two. Which is better?' can 
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lead to results 30 dB in favor of one 
antenna at one moment, and equally 
in favor of the other a minute later! 

"The effect of trees on vertically 
polarized signals can be significant. I 
measured a 10-dB loss through a 
small stand of fir, pine, and cedar 
trees which were roughly a quarter- 
wavelength high. A number of exper¬ 
iments left me convinced that the 
trees were indeed the culprit. 


“In a few years 
the 24-MHz band 
will be dead... 
Let’s use the 
band before 
this happens. ” 


"The absorption of low-angle, ver¬ 
tically polarized signals is well known. 
One of the best illustrations appears 
in the Canadian Department of Com¬ 
munications CRC Report 1255 (unfor¬ 
tunately out of print). It clearly shows 
that absorption is a function of 
ground conductivity for some dis¬ 
tance from the antenna, and it is not 
affected by the ground radial system 
as commonly thought (unless, per¬ 
haps, the radials extend for many 
wavelengths from the antenna). 
Since ground conductivity improves 
as frequency decreases, because of 
greater skin depth there is less ab¬ 
sorption at lower frequencies. I sus¬ 
pect but haven't confirmed that a ver¬ 
tical is superior at and below 3.5 
MHz. When compared with dipoles 
at heights at which the average Ama¬ 
teur is liable to put them, the vertical 
is almost certainly superior at the 
lower frequencies.'' 

W.B. Pretchtl, W3KO ~ "I must 
take issue with the statement that it is 


difficult to devise a better antenna 
than a simple dipole. Putting aside 
the usual trials and tribulations 
accompanying a new antenna, I 
ended up with a rectangular loop, 40 
feet on top and bottom and 27 feet on 
each side. The bottom is 7 feet above 
ground level and center-fed with a 4- 
to-1 balun and 50-ohm line. The 
VSWR on 40, 20, and 10 meters is 
better than 1.2:1. Its performance far 
exceeds expectations." 

W3KO and N5CIE (XYL) point out 
that the loop functions well with low 
SWR on three bands. This is certainly 
a simple tribander antenna that 
doesn't require tuning and costs very 
little. 

So there you are! It seems that the 
jury is still out as far as a meaningful 
decision between the horizontal di¬ 
pole and ground plane vertical goes. I 
am interested in readers' comments 
on their comparison of the two anten¬ 
nas. Join in the fun! 

18and 24 MHz 

Isn't the 10-MHz band wonderful? 
Plenty of stations to work, no con¬ 
tests to jar the nerves, and lots of 
good DX showing up every day. Now 
it's time to turn our attention to the 
18-MHz and 24-MHz bands. I have 
monitored these bands and notice 
plenty of European Amateur activity, 
plus a few signals from South Amer¬ 
ica and the Republic of South Africa. 
As of this writing (late November), no 
signals from "down under" or Asia 
have appeared. 

Both bands seem nearly empty in 
comparison to other services. A few 
RTTY signals, one or two commercial 
CW stations — and that's all! The 
spectrum space seems wasted and I 
suggest it could be put to better use 
by permitting the U.S. hams tempo¬ 
rary authority to use the bands before 
they become useless. Remember, the 
sunspot cycle is declining and in a 
few years the 24-MHz band will be 
dead for long-distance communica¬ 
tions. It would be nice to use the 
band before that happens. 

ham radio 
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Multiple-line transformers 
improve accuracy 
making possible realistic 
phased-array impedance measurements 


a precision noise bridge 


An rf impedance bridge is an important tool for 
anyone with more than a casual interest in measuring 
complex impedances. One typical application for 
such a bridge is in the design of a phased-array 
antenna. 

Solid-state technology has made it possible to 
move the rf impedance bridge out of the laboratory 
and into the average ham shack, but, unfortunately, 
laboratory accuracy cannot usually be achieved with 
most of the available units, Although readings within 
10 percent are acceptable for most Amateur applica¬ 
tions, much better accuracy and discrimination are 
necessary when taking measurements of antenna- 



Internal view of noise bridge showing coupler and PC board 
placement. 


array mutual impedances. We must in fact be able to 
accurately determine resistive components of impe¬ 
dances which may change as little as only 3 or 4 
ohms when a nearby antenna element is mutually 
coupled. Obviously, most noise bridges can't do the 
job. 

This article explains how it is possible to achieve 
the needed accuracy in the range of the hf Amateur 
bands. A multiple-line, distributed-impedance trans¬ 
former is the critical bridge component. It is not very 
susceptible to fabrication variations, and it maintains 
a single calibration over a wide frequency range. 
With care in adjustment and good construction prac¬ 
tice. it is possible to achieve an accuracy of 3 percent 
over most of the range — with even better results at 
14 MHz and lower. 

background 

In an excellent article on noise bridges, 1 W6BXI 
and W6NKU contributed two major innovations for 
improving noise bridge accuracy: compensating for 
bridge circuit strays by adjusting inductance in one of 
the bridge secondary arms; and equalizing primary- 
to-secondary interactive effects by the addition of a 
dummy primary wire. 

The first idea is one of those insights that seem so 
obvious after someone else has pointed it out: One 
wonders why the C p calibration “rotation" problem 
at high frequency ever seemed so difficult. The sec¬ 
ond suggestion is logical, but I could confirm it only 
empirically. After winding a dozen different kinds of 

By Forrest Gehrke, K2BT, 75 Crestview Road, 
Mtn. Lakes, New Jersey 07046 
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three-wire and four-wire toroid transformers and 
comparing results, I leaned toward the four-wire ver¬ 
sion. I became convinced that control of interactive 
effects between the primary and secondary was a 
key factor in achieving the accuracy I wanted. 

I used the improvements and suggestions in the 
referenced article in three of my own bridges, with 
good results similar to those achieved by the authors: 
a spread of 2 to 3 ohms (resistance and/or reactance) 
for a range of accurately known impedances. But 
further improvement in accuracy was still needed. 

W6BXI, in private correspondence, told me that 
he'd had no particular difficulties with the bridge 
transformer, either in reproducing it or with circuit 
adjustment. I wasn't as lucky. But he did discuss a 
method of matching and balancing the bridge trans¬ 
former to the noise source. I tried an emitter follower 
that provided a low-impedance source for the noise 
amplifier. I also tried a balun toroid transformer, to 
take advantage of balanced drive to the double- 
ended bridge circuit from the single-ended noise 
source. Neither approach worked. 

I have probably wound a hundred or more different 
configurations of the toroid transformer used in this 
bridge, in an effort to get a better understanding of 
this key component in the bridge. One possible solu¬ 
tion lay in trying to get maximum inductive coupling 
with minimum capacitance between primary and 
secondary. So I wound a more classic type of trans¬ 
former, with the primary on one side of the toroid 
and a single-wire, center-tapped secondary on the 
other. Capacitive coupling between windings was 
very low — 3 pF — but the transformer behaved 
poorly in the bridge. Calibration barely held over a 
single Amateur band, and there was no correspon¬ 
dence to the real values of the reference arm of the 
bridge. Next I wound a second transformer, also with 
the windings on opposite sides of the toroid, except 
that now the secondary was a bifilar winding. The 
bridge worked, and calibration held from 1.8 to 30 
MHz. But the noise signal was too low at the high- 
frequency end, indicating insufficient primary-to-sec- 
ondary coupling, resulting in poorly defined nulls. 
Different core materials did not help. This experiment 
showed me that the required bridge coupler was no 
ordinary transformer, but something akin to a distrib¬ 
uted impedance transmission line. 

Most of the trifilar and quadrafilar toroid trans¬ 
formers I tried had been wound with the three or four 
wires kept carefully parallel. I wound some with the 
wires twisted together at two or three turns per inch. 
A stranded bundle of approximately 9 inches (23 cm) 
was wound on the core. I decided to try connecting 
up a strand in the usual way, but as a large single¬ 
turn loop, without winding it on a toroid core. This 
worked excellently, without any of the puzzling 



anomalies of the toroid versions. Noise signal was as 
high as with a toroid, and calibration held constant 
from 1.8 to 30 MHz. Also, the reference potentiom¬ 
eter settings closely coincided with the value being 
measured. With this approach there was no question 
about the four-wire line being superior for holding 
calibration over a wide range, and my results were re¬ 
producible: Reproductions of these lines always pro¬ 
duced the same results. I concluded that the toroid 
core had been contributing most of the anomalies — 
and that it was not at all essential to this bridge com¬ 
ponent. 

Having eliminated the toroid, I next worked on op¬ 
timizing line length, wire size(s), and insulation thick¬ 
ness, and on a method of combining the individual 
wires into a line. The matter of whether adjacent or 
alternate wires of a single twisted line should be used 
in connecting up the primary and secondary circuits 
was also investigated. I tried dozens of variations: 
No. 24 (0.5 mm) hookup wire with PVC insulation, 
enameled wire sizes from No. 18 (1.0 mm) to No. 32 
(0.2 mm), including mixed sizes, lengths from 4 inches 
(10 cm) to 16 inches (40 cm), single twisted and com¬ 
pound twisted, and so on. This is what I learned: 

1. Close coupling between primary and secondary is 
absolutely required. This means using enameled 
wire, twisted as tight as possible. 

2. Line lengths between 10 and 12 inches (20 and 30 
cm) are best: If too short, noise signal is too low; if 
too long, a large amount of compensation is required 
on one secondary half for R p adjustment, which is 
accompanied by a pronounced C p calibration shift 
between 21 and 30 MHz. 

3. Compound twist gives the most consistent results 
(primary and secondary wires are first twisted inde¬ 
pendently, then these are twisted into a single 
strand). All four wires can be twisted simultaneously, 
but they would then have to be interconnected with 
attention to whether alternate or adjacent wires are 
being used as the respective primary and secondary. 
See fig. 1 for winding interconnection detail. 

4. Enameled wire size No. 20 (0.8 mm) seems best. 
Smaller wire sizes are more difficult to connect. 
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adjust, and compensate because of their fragility. 
Heavier wire, though effective, resulted in a line that 
became too stiff to work with, I found a good com¬ 
promise to be No. 20 (0.8 mm) for the secondary and 
No. 24 (0.5 mm) for the primary. These lines can be 
looped into multi-turn coils, to conserve space, with 
no effect on calibration. In the single-turn calibration 
no ill effects occur unless the loop is tightly collapsed 
on itself, and then the most noticeable effect is a re¬ 
sistance calibration shift at low frequencies. 

These coupling devices act like distributed-impe¬ 
dance transmission lines. The circuit impedance 
appears to be low, as it is virtually immune to stray 
capacitances. As with transmission-line baluns, how¬ 
ever, the device displays sensitivity to lead dress of 
the ends of the lines. Unfortunately, it is not physi¬ 
cally possible to keep these ends apart. One end of 
each pair has to be connected to each other, and the 
ends connected to the bridge arms must be as short 
as possible. If, indeed, this is a multiple-wire trans¬ 
mission line, theoretical calculations would point 
toward a low characteristic impedance. The effect of 
the re-entrant connection is difficult to assess. I 
would welcome letters from readers who are able to 
show the mathematics. The most puzzling aspect, to 
me, is that a line so short (in terms of wavelength) 
should be effective at very low frequencies. I have 
used a bridge calibrated for frequencies between 3.5 
and 30 MHz to as low as 150 kHz. The calibration 
was unchanged and the noise signal level was as 
high as at 3.5 MHz. 

scale extensions/expansion 

The article by W6BXI and W6NKU and subse¬ 
quently published letter 2 give a technique for measur¬ 
ing impedances beyond the basic range of the bridge 
by using series or parallel resistances inserted at the 
Unknown terminal. Though this approach is quite 
effective, the user is warned that, as with any scale 
multiplier, inaccuracies in the basic range calibrations 
are also multiplied. Improvement of the base range 
accuracy should make these range extenders more 
trustworthy — and using the minimum multiplier 
possible. For antenna measurements the series ex¬ 
tender finds the greatest use; I have several, ranging 
from 10 to 100 ohms. 

For some applications, like mine, there is a need to 
expand the resistance scale to be able to discriminate 
between small changes. Since the R p range of inter¬ 
est was between 27 and 77 ohms, a 50-ohm potenti¬ 
ometer in series with a 27-ohm fixed resistor was 
used in the reference side of one of my bridge 
models. This affords nearly 270 degrees of scale rota¬ 
tion for a translated 50-ohm range. To minimize 
strays, the potentiometer connections should be as 
shown in fig. 2. 



other modifications 

The other major changes from prior circuits were 
to go to a fixed capacitor in the reference arm of the 
bridge and to place the variable capacitor, C p , across 
the Unknown terminal. Operation of the bridge re¬ 
mains the same, except that the meanings of the 
direction of rotation from "0" on the calibration scale 
become reversed. That is, an indicated null which In¬ 
creased the capacitance above its value at "0” 
means the measured impedance has an inductive 
reactance component. Conversely, a decrease in 
capacitance from "0" indicates a capacitive reac¬ 
tance. This change ensures that the reactive compo¬ 
nent being measured is in direct correspondence 
with that of the unknown impedance. The difference 
is a subtle one but, in effect, at nulled conditions the 
reference arm is always "seeing" the identical situa¬ 
tion, the fixed capacitance across the potentiometer. 

adjustment 

Two adjustment procedures are necessary, both 
requiring a bit of care and patience. One is done at 
low frequency to enable the unknown load resistance 
to track with the reference potentiometer's nulled re¬ 
sistance. The second adjustment is done at the high 
frequency end of the range to enable the load resis¬ 
tance to continue to track with the potentiometer 
and to reduce the C p calibration shift. The adjust¬ 
ments are performed in the order given and must be 
iterated since they are interdependent. They are best 
done with a good commercial load termination (of 
minimum reactance), though 50 to 100 ohm quarter- 
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watt carbon resistors connected by short leads are a 
second best alternative. These adjustments ensure 
that the calibration remains constant over the band¬ 
width and provides an accurate R p readout. I have 
found multi-tester DWM's to be remarkably accurate 
ohmmeters and useful in measuring the calibration 
load resistances and the nulled potentiometer resis¬ 
tance. 

The low-frequency adjustment is better described 
than explained. The adjustment cancels inductive 
and capacitive strays, and after building six bridge 
units, only two with identical layouts, I am confident 
of the procedure: 

low-frequency adjustment 

1. Set the null-detecting receiver to a low frequency 
(I used 3.5 MHz) and null the bridge with a known re¬ 
sistive load of 50 to 100 ohms. The R p and C p con¬ 
trols are interdependent; repeat for best possible null. 

2. Turn off the noise source and remove the load and 
null detector from their terminals. Measure the po¬ 
tentiometer resistance without disturbing its setting 
(measure the resistance seen at either the Unknown 
or Detector terminals). Measure the load re¬ 
sistance. 

3. If there is agreement to within 0.1 ohm go to the 
high-frequency adjustment procedure. More likely, 
the agreement will be close but not good enough. 
With the bridge returned to operation as in step 1, 
gently bend the bridge line to a new position in any 
direction by a few degrees. The potentiometer null 
will change; renull and note whether the potentiom¬ 
eter resistance more closely agrees with the load. If it 
does not, bend the line in another direction, possibly 
opposite to the direction of the first trial. If after a 
few trials it is found that no direction of movement 
will cause good enough correspondence of readings, 
go on to the high-frequency compensation proce¬ 
dure. The two procedures are interdependent and 


several iterations will be necessary, 
high-frequency adjustment 
This adjustment equalizes any residual imbalance 
of inductance that may exist in the bridge. The 
adjustment is made at the high-frequency end of the 
range because this is where the influence of an im¬ 
balance is most noticeable. It consists of adding 
inductance (offset) to the secondary arm found to 
require compensation. Which arm this is depends 
upon the direction the R p null must be shifted. I have 
found it always to be required in the reference arm 
connection if the noise signal is inserted to the pri¬ 
mary connection at the same end of the line. 

1. Using the same pure resistance load as in the low- 
frequency adjustment, null the bridge carefully at 30 
MHz. Turn off the bridge, remove the load and de¬ 
tector, and compare the potentiometer resistance 
with that of the load. If this is the same you had at 
3.5 MHz you’re done. More likely, compensation will 
be necessary. 

2. Add an inch (2.5 cm) of the same size wire used 
for the secondary to the secondary connection at the 
reference bridge arm. Returning the bridge to opera¬ 
tion, if the R p null resistance is higher than the resis¬ 
tance being measured and now goes higher still, re¬ 
move the wire and add it in on the other secondary 
arm of the coupler. If it now goes lower, reduce the 
amount of added wire until the R p null resistance 
matches the termination. 

3. In making this adjustment be careful not to disturb 
the position of the line found for the low-frequency 
adjustment. In any case, recheck the low-frequency 
adjustment after completing this procedure. Several 
repetitions of the two adjustment procedures may be 
necessary. If more than an inch of secondary-size is 
required, you may encounter an unacceptable C p cal¬ 
ibration shift at 30 MHz, although R p tracks over the 
whole range. 
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These two adjustment procedures force tracking 
of R p at widely separate frequencies. But this does 
not guarantee flat tracking at frequencies in be¬ 
tween, so after completing these adjustments check 
the calibration in the middle of the range, such as 14 
MHz. R p calibration should remain well aligned and 
C p shift, compared with the 3.5-MHz position (the 
center, or "0" of this scale), minimal (less than 1 pF). 
If all is well, now check with other values of resis¬ 
tance. If you cannot obtain commercial terminations, 
quarter-watt carbon resistors of the deposited type 
are quite good, but connect them to the unknown 


“An rf impedance 
bridge is an 
important tool... 

in the design 
of a phased-array 
antenna 


terminal with as short a lead length as possible. In 
spite of all your best efforts, you will see more C p in¬ 
ductive shift at 30 MHz with these. If you used a 250- 
ohm potentiometer, expect to see more absolute R p 
shift at 30 MHz than found at 3.5 MHz for resistance 
at the upper end of this range. My bridge reads 1 
ohm low with a 237-ohm load at 30 MHz. At the low 
end of the range, using a 6-ohm resistor, the R p read¬ 
ing is within 0.1 to 0.2 ohm over the whole frequency 
range, with one bridge reading on the high side at 30 
MHz and the other on the low side. A DVM checked 
against a laboratory standard was used for a resis¬ 
tance calibration standard. 

If the potentiometer is not tracking well with fre¬ 
quency, the circuit has layout problems. Here are 
three general areas to review: 

1. Ground loops in the circuitry (multiple connections 
to ground for the same circuit path). 

2. Too much inductance has been allowed to creep 
into the connections in known or unknown arms of 
the bridge. One clue is a continuous shift of C p 
center as you step up in frequency bands from 3.5 to 
30 MHz. 

3. The noise source ground connection to the bridge 
has too much impedance. This is indicated by a pro¬ 
nounced shift in C p center position at 30 MHz, with 
little or none at 21 MHz. The effect is very different 


from the prior case, in which there is gradual shift. 
Note that this same effect also arises from a require¬ 
ment for a large amount of compensation at high fre¬ 
quency. Still, this is related; the amount of compen¬ 
sation is an indicator of stray reactance in the circuit. 

circuit hints 

Avoid creating ground loops. Have all ground re¬ 
turns going to a common point; this point is best 
located at some point midway between the circuit 
connections for the known and unknown bridge 
arms. Calibration accuracy to 30 MHz requires ex¬ 
treme care here. For example, in the last two units I 
built the detector coax terminal is isolated from the 
chassis. Coax (RG-174) is used to continue this line 
directly to the bridge connections, including ground. 
The bridge circuit and components are mounted on a 
printed-circuit board using copper foil on the circuit 
side. The chassis screw mountings for this board are 
insulated from the foil. The only connection with the 
chassis and the copper foil occurs via the SO-239 
Unknown coax terminal. 

Any stray reactance in this bridge creates calibra¬ 
tion shift problems, particularly at 30 MHz, and if 
severe, even at 14 MHz. I found that liberal use of 
flat, braided shield (such as is used on RG-58/59 
coax) for all bridge connections is indicated. In this 
regard, the miniature 365-pF variable capacitor rec¬ 
ommended in the referenced article has too much in¬ 
ternal inductance. The small Japanese air variable 
capacitors built on heavy aluminum frames have 
been found to be excellent and quite linear. 

As a general rule disproportionate shifts in calibra¬ 
tion with increasing frequency are indicative of stray 
capacitance problems, while linear shifts are due to 
unwanted inductance. 

As for the potentiometers, Mil. Spec, linear-resis¬ 
tance carbon pots are recommended. I found Claro- 
stat Type 53C1, S-taper to be best. These are avail¬ 
able in resistances as low as 50 ohms and are very 
linear. 

As for the noise source, obtain several samples of 
the zener diode for the noise amplifier. Select the one 
with the highest noise output over the frequency 
range, emphasizing 30 MHz. Some diodes are so 
quiet there will be difficulty obtaining enough signal. 
Isolate the noise amplifier and its batteries from all 
grounds except the connection to the common 
ground at the bridge circuit. In one of my units, flat 
braid for this ground return solved a stubborn resid¬ 
ual C p shift problem at 30 MHz. 

Unless you have a compelling need to carry a 
bridge in your hip pocket, don't try to crowd this de¬ 
vice into a snuff box. My units are housed in a stan¬ 
dard aluminum two-piece box 5x4x3 inches (13 
x 10 x 8 cm). This is small enough, gives you space 
to work in, and keeps down strays. With the extra 
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space available another 9-volt transistor battery can 
be paralleled for extended operation. 

C p dial calibration 

With Ftp calibration done, you are ready for calibra¬ 
tion of the C p dial. Assuming you have found mini¬ 
mal or no C p shift of the “0" position with a 50-ohm 
termination at 30 MHz, I recommend that 3.5 MH2 be 
used for this calibration, since it minimizes the effect 
of lead inductance errors. 

In the referenced article' the authors suggest the 
following procedures: Calibrate the variable capaci¬ 
tor against a standard before connecting it to the 
bridge circuit. Or calibrate the capacitor, with bridge 
operating, using known values of capacitors in paral¬ 
lel with a resistance at the unknown terminal (50 
ohms suggested). After completing the capacitive 
portion of the dial, temporarily disconnect the 180-pF 
bridge centering capacitor and work backward toward 
"0" for the inductive portion of the dial. 

The first method is the preferred one. But since I 
had no capacitor standard available, I used a varia¬ 
tion of the second method: After calibrating the 
capacitive portion of the dial, connect a 50-ohm 
quarter-wavelength coax cable cut for 3.8 MHz to 
the Unknown terminal. At the far end connect a 39 
or 68 ohm resistance with minimum lead length. Find 
the frequency which nulls this resistance while the C p 
dial is set at "0." Note the frequency and remove the 
resistor. This is the exact frequency at which your 
cable is a quarter-wavelength. Now use the same 
known capacitors in parallel with 50 ohms at the end 
of this cable to calibrate the inductive side of the dial. 
The quarter-wavelength coax causes these capaci¬ 
tors to look "negative," that is, inductive by a nearly 
equal amount. Since these are parallel circuits in 
series with the coax, a small correction is necessary 
which increases with increasing capacitance. 
Assuming a 50-ohm coax with a 50-ohm termination 
at 3.8 MHz, use table 1 correction points (interpolat¬ 
ing for intermediate calibration points). 

upper frequency limitations 

Frequencies higher than about 20 MHz begin to 
present problems for any circuit measurement de¬ 
vice. This is why it is not easy to achieve a constant 
calibration with good accuracy as we go up in fre¬ 
quency. Here we enter a realm in which a resistor, a 
capacitor, or a coil can no longer be thought of as 
discrete elements; indeed, each can be a combina¬ 
tion of all three. Since this also applies to the bridge 
circuit, calibration correction and circuit adjustment 
schemes become necessary. Reactance is involved, 
and so these compensations are frequency depend¬ 
ent. This means calibration is meaningful over rela¬ 
tively small frequency ranges. I have checked my 
noise bridge as high as 100 MHz and found that. 



while deep nulls can still be detected, the calibration 
shifts considerably. 

low resistance limitations 

Measurement of very low R p circuits (below 5 
ohms) poses two problems for this bridge: The low 
Rp, coming quite close to a short circuit, reduces the 
C p null sensitivity, making it more difficult to deter¬ 
mine balance. At the same time, any accompanying 
reactance, since we are measuring the parallel equiv¬ 
alent of the circuit, results in large excursions of the 
C p dial for relatively small reactances. 

As R p approaches zero, bridge circuit strays be¬ 
come more significant. Do not depend upon any 
measurements made with this type of bridge with the 
Rp dial setting near zero, since many potentiometers 
do not actually reach zero resistance at their mechan¬ 
ical stop. I have heard of attempting to determine a 
quarter-wavelength of coax this way. This bridge can 
do that and more, but not in this way. If measure¬ 
ment of very low impedances is an objective, use a 
series extender, or consider a series-type bridge. 

detector considerations 

One of the reasons the noise bridge is a relatively 
simple circuit is that no null detector is included. For 
this an ordinary receiver is used. This can be the sta¬ 
tion receiver, and, in these days of accurate receiver 
frequency readout, it can be a frequency standard as 
well. For purposes of bridge calibration an Amateur- 
band-only receiver is adequate, but for most meas¬ 
urement needs a general-coverage receiver is better. 
The presence of an S-meter is helpful but not nec¬ 
essary. 

When making measurements on antennas, a bat¬ 
tery-operated receiver is convenient. I use an inex¬ 
pensive all-band portable and a transistor crystal 
oscillator for marker frequencies. Since the noise sig¬ 
nal is considerable, (S9 +20dB, off null), receiver 
sensitivity is no great consideration; too much can 
lead to difficulty in finding a null because of receiver 
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AVC. The sharpness and depth of nulls provided by 
this bridge requires getting used to! 

I have used as much as 30 feet of coax between 
the bridge detector terminal and the receiver with no 
effect upon calibration. 

An fm receiver will not work well with this device, 
as the noise is almost entirely a-m. If the receiver has 
AFC it won't work at all, as AFC always shifts the re¬ 
ceiver local oscillator off the null frequency. 

applications 

Before discussing applications, I want to mention 
the difference between parallel and series circuits. 
Each type can be transformed into the other. This 
bridge measures parallel-circuit equivalent values for 
both real parallel and series circuits. If a real parallel 
circuit consisting of a 50-ohm resistor and a 180-pF 
capacitance is measured, then that is what is read 
out, regardless of the frequency. But a series circuit 
of 47.8 ohms and 4078 pF at 3.8 MHz also will be 
read by the bridge as 50 ohms R p and 180 pF C p . This 
point must always be considered when using this 
bridge. 

An excellent tutorial on bridge applications and 
calculations using complex algebra exists. 3 

coax cable measurements 

If you used my method to calibrate the C p dial, you 
have learned how to use this bridge to find very accu¬ 
rately the frequency for a quarter-wavelength of 
coax. If you have R p , then taking the square root of 
the product of R p and the resistive termination yields 
the characteristic impedance of this line. The ratio of 
the physical length of the line to the free-space quar¬ 
ter wavelength for the frequency measured is the 
velocity factor. If you were working with foam cable, 
you might be in for some surprises at this point. 
Neither of your calculations may agree very closely 
with the nominal values usually quoted. Characteris¬ 
tic impedance can vary as much as 10 percent, and 
velocity factor is seldom as high as the 0.82 usually 
given; 0.70 is more likely. 

When using this method, choose a termination re¬ 
sistance different from the characteristic impedance, 
but one which will yield a transformed resistance 
within the range of the bridge. As a check on your 
work, try a resistance termination on the line equal to 
your calculation for characteristic impedance. You 
should find that the bridge, after being nulled for this 
resistance, maintains that null over a wide range of 
frequencies. 

I have found that quarter-wavelength cables deter¬ 
mined via grid-dip methods are 1 to 3 percent too 
long, when compared with my results. The grid-dip 
method introduces error because of the shorting link 
and the pickup coil. 


antenna measurements 

An obvious application for this bridge is the meas¬ 
urement of self and mutual impedances of antenna 
elements and matching adjustments. Measurement 
of mutual impedances must be done indirectly and 
involves fairly complex calculations. (This will be dis¬ 
cussed at greater length in forthcoming articles.) 

Self impedance measurement is straight-forward; 
Simply connect the antenna leads to the bridge and 
adjust for null. Remember to keep lead length the 
same as in the actual installation, and remember too 
that the values being read are the parallel-circuit 
equivalents. 

A very nice application for an accurate bridge is 
measuring the impedance of antennas right in the 
shack, having previously obtained an accurate meas¬ 
urement of the feedline length and its characteristic 
impedance. Using a Smith chart or programmable 
calculator to rotate the measurement back to the 
antenna saves a lot of legwork. 

One point particularly applicable to antenna meas¬ 
urements is, make doubly sure of all connections and 
joints. This bridge operates with noise power meas¬ 
ured in microwatts. Poor connections, which do not 
show up in normal operations, even when driven 
QRP, will become evident. A few watts may tempo¬ 
rarily “weld" poor connections; the bridge hasn't 
enough power to do that. 

impedance transformers 
and networks 

Another useful application for this bridge is meas¬ 
urement of the input and output impedances of 
transformers and networks. Remember that the 
readings are in parallel circuit form, and that the ter¬ 
minations may be in either form. It's sometimes eas¬ 
ier to arrive at one than the other with available 
components. 
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DC to 400-Hz ac 
converter 

There are many inexpensive trans¬ 
ceivers on the market that require 400 
Hz. After I bought an ARC 38A, I was 
confronted with the problem of how 
to obtain 400 Hz for the servos. 



fig. 1. DC to 400-Hz ac converter. 

Self-oscillating transformer circuits 
exist, however they need special 
transformer ratios to work and if load¬ 


ed they like to change frequency or 
stop oscillating. A 555-oscillator chip 
with a driver and a push-pull output is 
another choice, but I wanted some¬ 
thing simpler. 

The circuit shown works well and is 
not too elaborate (fig. 1). It depends 
on inherent unbalance to start. Any 
small SCR will do. 

In the oscillator 1 the voltage divider 
starts charging the capacitor until one 
SCR breaks down, initiating oscilla¬ 
tion. The driver transistors (2N3055 or 
equivalent) drive the transformer with 
a square wave. Little power is dissi¬ 
pated in the transistors since they are 
mostly on or cut off. Diodes from col¬ 
lector to ground prevent a negative 
kickback voltage from appearing. 27 
ohms and 0.1 fiF are used to dampen 
spikes. 
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screen protection 
for the 5CX1500A 

If anyone is considering building a 
linear amplifier around the 5CX1500A 
tube, he should not neglect to include 
screen protection circuitry. Because 
of the preponderance of grounded- 
grid triode amplifiers in the last few 


years, this important point is now 
only superficially mentioned in the 
Amateur literature, and I have not 
seen it incorporated in published cir¬ 
cuits. It is all too easy, however, to 
exceed the screen rating if there is in¬ 
stability during testing, or by resonat¬ 
ing the tank with light loading. 

During the construction of a 4CX- 
1000A amplifier I came across an arti¬ 
cle on tetrode screen current in an old 
QST (David D. Meacham, W6EMD, 
"Understanding Tetrode Screen Cur¬ 
rent," July, 1961). It convinced me of 
the importance of the screen overcur¬ 
rent relay, and I designed an appro¬ 
priate circuit based on the author's 
ideas (see fig. 2.) 



fig. 2. Screen current relay. 


I selected a relay sensitive enough 
to pull in if the current exceeded 60 
mA, and yet with resistance low 
enough not to impair screen regula¬ 
tion. In my case, this was a Japa¬ 
nese-made subminiature relay with a 
6 volt, 80-ohm coil, but ITT also 
makes a line of similar relays. R1 must 
draw enough current to hold the relay 
on with the supply voltage in use. A 
relay requires far less current to hold 
it on than to pull it in. 

During testing and tune-up, this 
relay has paid for itself many times 
over. Thanks to its quick action, my 
final has avoided the fate of irrever¬ 
sibly turning into a low-mu triode. 

Vic Mozarowski, VE3AIA 
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solid-state CW T-R system 


A changeover system 
suited for 
older equipment 

For the Novice operator and the CW fan, there are 
many older transmitters and receivers that will still 
perform with the best of the modern transceivers. 
And, for many of us, the price is right. They take up a 
bit more room, and we may have to work on them to 
hold down the drift and keep the performance up. 
But that is part of the challenge we accept when we 
decide to use such classics as the Heath DXs, the 
Globes, the Hammerlund HQs, or the National NCs. 

Perhaps one of the greatest inconveniences inher¬ 
ent to most of these otherwise fine designs, how¬ 
ever, is the lack of an automatic or semi-automatic 
transmit-receive system. In fact, most of these rigs 
lack an antenna change-over relay: switching is done 
manually. It's necessary to turn the transmitter from 
standby to operate and mute the receiver as well. In 
some cases, you must also turn on the VFO. All this 
switching can get in the way of smooth operating. 


CWX: tube style 

Hams solved the basic problem of system switch¬ 
ing long ago with a system called CWX, CW-oper- 
ated relay. A CWX automatically switches all rig 
functions from receive to transmit with the first tap 



I The front panel of SSCWX Is simplicity itself. The top row 
consists of the ac power LED indicator, the timing potenti¬ 
ometer, and the transmitter-on LED indicator. In the bottom 
are the ac toggle switch and the key jack. 

By L.B. Cebik, W4RNL, 5105 Holston Hills 
Road, Knoxville, Tennessee 37914 
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of the key. In most units, a delay circuit holds the rig 
in transmit mode between dots, letters, and words, 
but after a second or so the relay returns everything 
to receive. 

Most of the good CWX circuits used tubes and 
plate relays. Fig. 1 shows a typical circuit, used at 
W4RNL for many years in conjunction with a DX- 
60A transmitter and a 2-B receiver. It is a modified 
version of a circuit that originally appeared in QST \n 
February of 1966. The modification consists of elimi¬ 
nating one relay and tube section (which followed 



The interior layout of SSCWX. In the left rear of the perf 
board are the power supply components and the function¬ 
changing relay. In the front right are (from bottom to top) 
the opto-isolator, the voltage comparator, and the switch¬ 
ing transistors (mounted in an 8-pin DIP socket). Layout is 
non-critical if all leads are well bypassed as they enter the 
cabinet. 


the keying) and replacing it with the pair of diodes 
near the key jack. With blocked-grid keying, this sys¬ 
tem is effective. 

This old circuit will still work well with almost any 
miniature triode, and it has some advantages that are 
worth preserving. Note that the key line to the trans¬ 
mitter goes through spare contacts on the antenna 
relay (a Dow Key rf relay, in this case) so that the 
transmitter cannot generate rf until the antenna 
changes over. Spare contacts on the plate relay con¬ 
trol the grid-block voltage to the VFO, holding the 
unit on during the entire transmit cycle. This feature 
eliminates chirp when the VFO frequency is multi¬ 
plied to 20,15, and 10 meters (a problem common to 
many inexpensive VFOs). The potentiometer permits 
adjustment of the delay time to suit varying code 
speeds. And finally, the unit is compact and self- 
powered, making it easy to fit either on the table or in 
a spare corner of transmitter or receiver. 

The unit does use tubes, however, which have 
grown expensive in this silicon age. And plate relays 
are growing harder to find, although 12-volt relays 
are still plentiful. As a result, when one of the stu¬ 
dents in my license-upgrade class asked about an an¬ 
tenna change-over device for his DX-60, I wondered 
if I could preserve all the good qualities of the old CW 
in a solid-state device using easily obtainable compo¬ 
nents. SSCWX is the result. 

CWX: solid state 

The solid-state version of CWX is designed for 
blocked-grid keying and a variety of auxiliary func- 
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fig. 2. Schematic diagram of SSCWX. 


tions, such as receiver muting, VFO control, and rf 
generation control. Given the variety of receivers 
available, each with a different muting system, con¬ 
trol by relay offers more versatility than does solid- 
state switching. (Notes on customizing the design 
and expanding its use to other relay-switching appli¬ 
cations appear at the end of this article.) 

In older transmitters keying is usually either cath¬ 
ode (positive voltage, heavy current) or blocked grid 
(negative voltage, low current). In general, you 
should stay away from cathode keying, because the 
current will eventually wear key contacts or cause 
damage to the switching circuits of many keyers. 
Cathode-keyed transmitters can be modified to a 
blocked-grid system, but notes on altering SSCWX 
for positive keying also appear at the end of the article. 

circuit operation 

The SSCWX circuit performs in the following 
sequence (see fig. 2). The TIL-116 is an opto-isolator 


used to separate the key line from the switching cir¬ 
cuits. The diode is lit with negative voltage, corre¬ 
sponding to the grid block voltage on the key line. 
Key down turns off the diode and the transistor stops 
conducting, sending the collector voltage to the plus 
terminal of the LM311 voltage comparator and to the 
5-pF timing capacitor. The 1N914 diode in this line 
keeps the capacitor from discharging through the 
opto-isolator when the key goes up, and the TIL-116 
once more conducts. 

Between the opto-isolator and the voltage compa¬ 
rator is the timing circuit. The electrolytic capacitor 
charges quickly but discharges slowly through the 1- 
megohm timing potentiometer and the 39k fixed re¬ 
sistor. The fixed resistor controls the shortest time 
delay. The combination of the 47k resistor and 100k 
pot in the minus comparator input line controls the 
longest delay time, because the LM311 will change 
state whenever the voltages at its inputs pass each 
other. About 7 volts to pin 3 of the LM311 yields al- 
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most 3 seconds of delay — more than enough for 
most purposes. 

The turn-on time is a function of the timing capaci¬ 
tor and the 2.2k collector resistor of the TIL-116. A 
single short dit will not yield the full delay time, with¬ 
out the supplementary charging circuit composed of 
the 10k pot and the second diode. By holding the 
timing capacitor at a level about 1 volt less than the 
comparator negative input line, the delay time is con¬ 
sistent for single key taps and actual CW trans¬ 
missions. 

The voltage comparator provides a full output 
swing whenever the capacitor voltage moves above 
or below the negative input level, going high when 
the plus line exceeds the minus and low otherwise. 
This swing triggers the two-transistor switch to the 
relay, keying it with definite action. The definiteness 
of the wave shape controlling the relay is the primary 
reason for using the comparator to isolate the timing 
circuit from the relay. Timing circuits tied directly to 
the 2N2222 base drive both transistors through the 
linear range, and the relay closes and opens as the 
voltage and current pass the threshold level for its 
coil. Neither of these phenomena is desirable. Since 
transistors draw base current (while the older tube 
circuit did not draw grid current), the devices are eas¬ 
ily overloaded during long delay periods. In addition, 
many inexpensive low-voltage relays do not open 
cleanly as the voltage drops slowly, creating some 
sparking and consequent contact damage. Clean 
switching to the relay and to the controlling transis¬ 
tors is necessary, and the LM311 (or any similar volt¬ 
age comparator having a fairly high input impedance 
and able to work from a single 12-volt line) performs 
admirably. 

The 12-volt relay controls four circuits: receiver 
mute, VFO, antenna relay, and (possibly) the key 
line. Since Dow Key relays have grown very expen¬ 
sive, most hams have turned to ordinary heavy-duty 
contact relays for antenna switching. If the internal 
contact lines are fairly short, and if the relay is well 
shielded in a metal box with short leads to the three 
jacks (antenna, transmitter, and receiver), ordinary 
units perform well and do not increase SWR. If you 
have such a relay, however, do not use the extra 
contacts for key lines, muting or other such pur¬ 
poses, as they will be in a heavy rf field. Use a differ¬ 
ent relay. The circuit compromise in the SSCWX de¬ 
sign does not guarantee that no rf will emerge from 
the transmitter until the antenna relay has changed 
over, but it does guarantee that malfunctions in the 
CWX unit itself will not permit you to pump rf into 
the receiver. Fig. 3 shows the relay circuit for use 
with Dow Key and similar rf-shielded relays. 

Note that the VFO line shows the grid block volt¬ 
age being controlled by the CWX relay. This repre¬ 


sents a line from the VFO to the CWX to ensure that 
the grid blocking voltage is off for the entire transmit 
cycle. Modification for other schemes that help con¬ 
trol VFO stability is simple. Some hams prefer to add 
voltage-controlled diodes to VFOs to shift them off 
frequency when the key is up, in which case the relay 
can handle the control voltage instead of the grid 
block voltage. Whatever the system, I do recom¬ 
mend that you use something to hold a tube-type 
VFO on for at least the entire transmit period, since 
the transition from cut-off to full plate current ad¬ 
versely affects short-term VFO stability, and signal 
quality as well. 

Power for the SSCWX comes from a very small 
supply. The 7812 positive voltage regulator needs no 
heatsink in this application, but adding one cannot 
hurt, especially if the unit provides power to other ac¬ 
cessories. If so, increase the transformer rating as 
well, since the entire unit, with two 75-mA relays, re¬ 
quires over two-thirds of the rated 300 mA from the 
secondary. The requirements for negative voltage 
are small, and the Zener may not even be required, 
although it does make the voltage predictable. 

construction and adjustment 

The entire SSCWX unit fits on a small piece of perf 
board, cut to fit a standard 5-1/4 x 3 x 5-7/8 inch 
(13.3 x 7.6 x 14.9 cm) box, with room to spare. The 
relay and the power transformer are the largest com¬ 
ponents, as the photograph clearly shows. Layout is 
not critical. Only the timing potentiometer (1 meg¬ 
ohm) goes to the front panel; the other two are PC- 
board types. 1C sockets are handy, and I even 
mounted the switching transistors in a single eight- 
pin socket. 
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The most critical components may be the 0.01 -/iF 
bypass capacitors. Voltage ratings for these capaci¬ 
tors are indicated, because some lines may carry fair¬ 
ly high voltages. This is true of the ac line and the key 
line at both its input and output points. All control 
lines running from the CWX relay are shielded and 
bypassed. The object is to be as certain as possible 
that rf cannot enter the CWX and disrupt any of the 
circuits. 

The power supply diodes are 1N4002 100-PIV 
units. 1N914s work well in the timing circuit. The key 
line requires diodes with a PIV rating twice that of the 
anticipated transmitter key line voltage. 1N4004 (400- 
PIV) is specified, but anything with a higher voltage 
rating will work as well. Finally, be sure not to omit 
the reverse diode across the relay coil; it prevents re¬ 
verse voltages generated by the collapsing relay coil 
field from reaching the switching transistor. 

Besides the timing potentiometer, the front panel 
contains only the ac switch, the key jack, and two 
LEDs, one to indicate that power is on, the other to 
show that the relay is closed. Although it is possible 
to use a timing pot with an ac switch, the separate 
power switch permits you to retain your timing set¬ 
ting from one day to the next. In addition, you might 
want to consider adding a SPST toggle switch from 
the + 12 volt line to the relay in the collector circuit of 
the 2N2907; this would provide manual relay switch¬ 
ing. The photo shows a phono jack used for the key, 
but any type will do. 

The perf-board construction technique used for 
this project is good for one-of-a-kind projects in 
which lead length is no problem. As a group or club 
project, though, the circuit lends itself to printed- 
circuit-board fabrication. Build the circuit one step at 
a time, starting with the power supplies. If you build 
the remaining circuitry as a unit, at the very least test 
it progressively by plugging in only one solid-state 
device between checks. The Ik resistor in the 
TIL-116 diode line should work for most opto-isola- 
tors. The desired value is the highest that will just 
move the collector voltage (pin 5) from full to zero to 
full again under keying. 

Next, add the LM311 and set the voltage compara¬ 
tor's minus input voltage to about 7 volts. Check the 
maximum time delay by measuring the output volt¬ 
age swing. If the time is too long for your taste, in¬ 
crease the negative line reference voltage; if too 
short, decrease it. Perform these tests by holding the 
key down for at least one second to ensure the tim¬ 
ing capacitor is fully charged, then release and time 
the delay. Be sure also that the supplementary charg¬ 
ing voltage is at least a volt below the reference volt¬ 
age. Once the long time delay is set, you can set the 
10k pot so that the supplementary charging voltage 



is between a half and a full volt less than the refer¬ 
ence voltage. 

Now check the delay at the minimum end of the 
line. If the timing pot allows the relay to open and 
close with every dit for more than 10 degrees of pot 
adjustment, then increase the series fixed resistor 
above the 39k value shown. If the relay does not 
come close enough to following your keying at mini¬ 
mum pot setting, then decrease the value of the fixed 
resistor. Finally, recheck the timing at the maximum 
end of the scale and do any final tweaking necessary. 

Add the switching transistors, one at a time, and 
check their operation by measuring the collector volt¬ 
ages. When all is well, plug in the relay. If it operates 
well, mount the unit in the case. In the model shown 
in the photo, I set the perf board on 1-inch threaded 
pillars to keep the relay socket contacts well clear of 
the case. The only solder connection needed was for 
the key jack, since all other leads, indicators, and 
controls pass through the front panel from the rear. 

The final test is with your transmitter and receiver. 
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Plug your key into the SSCWX unit. Be sure that the 
transmitter key jack is empty initially. Check the re¬ 
ceiver mute line to be certain that the relay quiets the 
unit with the key down. Next, check the antenna re¬ 
lay for correct operation. The VFO control line is 
next. Finally, with a dummy load, plug the key line in¬ 
to the transmitter key jack. Only after you have 
tested the unit in this sequence should you put it on 
the air. In fact, you might want to unplug the key line 
from the transmitter (or shut the transmitter off) and 
get the feel of operating with the SSCWX, using only 
your receiver. It takes a little while to overcome the 
urge to grab a switch when going from transmit to 
receive and back again. 

modifications and other uses 

Listed below are some optional modifications that 
make the basic circuit a more versatile tool around 
the shack, and applicable to many projects. 

Fig. 4A shows a revision to the input circuit for 
positive keying voltages. Simply reverse the leads to 
the diode section of the TIL-116 and change the sup¬ 
ply voltage to +12 volts. As shown in fig. 4B, a 
4PDT non-shorting rotary switch permits easy con¬ 
version from negative to positive line keying. You 
may want to add indicator lights to this circuit. 

The basic circuitry of SSCWX lends itself to al¬ 
most any timed relay control application. Where iso¬ 
lation is unnecessary, a common NPN switching 
transistor can replace the opto-isolator. At the other 
end of the line, small relays with light coil-current de¬ 
mands do not require a double transistor switch. 
Placing the relay in the collector circuit of the 2N2222 
provides reliable service for up to about 50 mA of coil 


current. This arrangement provides excellent relay 
switching for CMOS controlled circuits, and the 
scheme is easily converted to TTL 5-volt levels. 

To provide manual relay starting with automatic 
dropout, we can add a small SCR to the circuit, as 
shown in fig. 5. Any small plastic (TO-92) or metal 
(TO-5 to TO-18) case SCR, such as the 2N877 (rated 
at 30 volts and 0.5 amp) will work well in the circuit; 
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THERE IS A 
DIFFERENCE 
IN QUARTZ 
CRYSTALS 

International's leadership in crystal design and 
production is synonymous with quality quartz crystals 
from 70 KHz to 160 MHz. Accurately controlled 
calibration and a long list of tests are made on the 
finished crystal prior to shipment. 

That is why we guarantee International crystals 
against defects, material and workmanship for an 
unlimited lime when used in equipment for which they 
were specifically made. 

Orders may be placed by Phone: 405/236-3741. 
TELEX: 747-147. CABLE: Incrystal • TWX: 
910-831-3177 • Mail: International Crystal Mfg. Co., Inc., 
10 North Lee, Oklahoma City, Oklahoma 73102. 



avoid high-power SCRs. SI, a spring-return SPST 
toggle switch, provides triggering voltage to the 
SCR, which then conducts until the output of the 
LM311 goes low (even though the switch has been 
released). In short, the SCR blocks the comparator 
output from the relay transistor until fired by a man¬ 
ual touch of the switch, but then the SCR continues 
conducting until the input signal disappears and the 
time delay set by the LM311 input circuitry ends. A 
second SPST toggle, S2, provides manual relay 
control. 

The SCR gate circuitry provides a low voltage and 
current to trigger the gate. For more rapid gate volt¬ 
age decay after release of SI, parallel a 100 kilohm, 
1/4-watt resistor across the 0.1-/tF capacitor. Al¬ 
though all circuit values have worked well for several 
unmarked SCRs in TO-92 cases, adjust the voltage 
divider and series gate resistor values to suit the de¬ 
vices you have on hand. 

The circuit in fig. 5 has numerous uses. Without 
the SCR, a train of digital pulses will key and hold the 
relay until a specified time after the last one. With the 
SCR, the relay pulls in upon manual starting with SI, 
a handy feature with very narrow passband CW 
audio filters. The use of an LED indicator in the filter, 
to indicate visually when the signal is locked, permits 
switch-over to the filter with no loss of copy while 
trying to tune the filter to the signal (or vice versa). A 
similar system can eliminate readout garbage in RTTY 
systems. 

The SSCWX switching system provides a sound 
basis for designing time-controlled relay switching 
systems for many applications. Apart from the relay, 
which may range in size from DIP scale to one inch 
square and two high, the circuit requires a couple of 
square inches of perf or etched board space, plus the 
panel pot and any toggle switches. The solid state 
CWX unit is small enough (including power supply) 
to mount inside the cabinet of most older transmit¬ 
ters and receivers. There is room on most front pan¬ 
els for the few controls required. On the DX-60, for 
example, the audio gain control is convertible to 
CWX duty if the a-m feature is dispensable. A little 
rewiring of the key jack finishes the job, since the in¬ 
dicator lights are no longer needed. The only precau¬ 
tion is to be sure that the SSCWX is well shielded 
and bypassed from the DX-60's rf. 

Hidden or in the open, the SSCWX makes a good 
addition to any shack using separate units to transmit 
and receive. The ease my old CWX gave to my CW 
operations back in the '60s made it deserving of an 
update. SSCWX is that update. The basic circuit and 
its variations can solve relay switching problems for 
most any ham or experimenter. 


ham radio 
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capacitively coupled hybrids 


These devices can be used to 
divide, combine, or phase-shift 
power for Amateur applications 

Do you need a device that can split or combine 
power? How about a phase shifter or a circular polar¬ 
izer? Power can be divided, combined, sampled, or 
phase-shifted in any increment by using a hybrid. A 
capacitively coupled hybrid is easily constructed and 
very compact. 

The capacitively coupled hybrid is a four-port 
device consisting of two transmission tines. Output 
power at one port of the coupled transmission line is 
dependent on the direction of propagation in the 
main transmission line. In fig. 1, a wave traveling 
from port 1 (input) to port 2 is coupled to port 4. 
Ideally, no power appears at the isolation port 3. A 
wave traveling in the opposite direction, from port 2 
to port 1, is coupled to port 3, indicating any mis¬ 
match at port 4. The coupling factor determines the 
amount of power coupled from the main line to the 
power output at the coupled-line output port, assum¬ 
ing matched loads present at all ports. 

General expression 

Coupling = 10 logio (Pi/P^dB (1) 

Coupling factor for the capacitively coupled hybrid 
Coupling (dB) = 20 log;o cos 


where 8 is the electrical length of the transmission 
line. The capacitive reactance of the coupling capaci¬ 
tor is: 

X c = Z„ •tan 8 (3) 

where Z a is the impedance of the transmission line. 
The line impedance is equal to the termination impe¬ 
dance at each port. The value of capacitance is: 

_ 1 _ 1 1 A\ 

Lc ~ 2-rrfX c ~ 2irf Z a tan 8 11 

Because the device is reciprocal, a wave incident at 
port 2 is coupled to port 3 by the same coupling factor. 

The hybrid described here is smaller than the Wil¬ 
kinson hybrid (described in an earlier article'), easy to 
construct, and displays improved amplifier perform¬ 
ance. The principal disadvantage of this hybrid is its 
limited bandwidth of 10 percent. This, however, is 
still adequate for most Amateur use. 

coupler operation 

A wave traveling to the right (port 1 to port 2) on 
the main transmission line will have a portion of its 
energy coupled to the second transmission line at 
each end by capacitors. It is assumed that there is no 
inductive coupling. The two signals arriving from 
both paths at port 4 are in phase and combine. The 
signals at port 3 are also equal (fig. IB) but 180 de¬ 
grees out-of-phase and cancel. The longer path al¬ 
ways has 180 degrees more phase shift because of 
the transmission lines. (The phase shifts that result 

By Ernie Franke, WA2EWT, 63 Hunting Lane, 
(2) Goode, Virginia 24556 
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from the coupling capacitors cancel out because 
they are present in both paths.) 

In case of a wave traveling in the reverse direction 
(port 2 to port 1), the coupled energy combines at 
port 3 and cancels at port 4, with the capacitively 
coupled transmission lines acting as a directional 
coupler. A sample of the energy from a forward wave 
appears at port 4. A sample of the reflected wave 
appears at port 3. The ratio of power at port 3 to 
power at port 4 yields the return loss. 

return loss = — 10 logio (P3/P4) 

= - 10 login (reflected power/forward power) 

directional coupler 

One's first thought would probably be to use the 
hybrid for measuring standing wave ratios. A detec¬ 
tor placed at port 4 would indicate forward power, 
while a detector at port 3 would indicate reflected 
power. But how isolated are the two readings? How 
well is port 3 isolated from port 4? 

Directivity is a measure of how well port 3 is iso¬ 
lated from port 4 with respect to power entering at 
terminal 1. Directivity is defined as: 

directivity = 10 logio 7^ (6) 



Ideally, the directivity should be infinite — but a 
directional coupler with a directivity of 20 to 30 dB is 
quite good. How high a directivity can be achieved is 
strongly dependent on the match at port 4, since re¬ 
flected power is readily transmitted back to port 3. 



fig. 2. The theoretical response of the hybrid shows 
that, for reasonable performance, it has about a 10 per- 
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COMMUNICATIONS DIVISION 

// 

f / / t / / . .* / */ / 

/. //. // /V.'' Hu *if. 

(We Speak Ybur 
Language.) 

Backed by over 54 years of experience, Harvey 
continues to offer the broadest selection and finest 
service available for the amateur radio community. 
This experience has taught us that the ham needs 
special treatment and that is why Harvey has estab¬ 
lished a special division dedicated to the needs of 
the U.S. and foreign ham alike. 

One thing is for certain. A ham will never get the 
run around from Harvey. If we don't have something 
in stock, we say so and will order it for you—or—tell 
you where to get it. However, we are sincerely dedi¬ 
cated to the ham community and, as a result, our 
. expansive in- 

ventory means 
that, more than 
likely, we 

■ ■ ;r -v” have what you 

are looking for 
in 


Centurion 

C.E.S. 

C.D.E. 

Cushcraft 
Daiwa 
Digimax 
R.L. Drake 
Fluke 

Gotham Antennas 
Grundig 


H.M. Electronics 
Icom 

Kantronics 
KDK 
Larsen 
Macrotronics 
Maggiore 
Electronic Labs 
McKay Dymek 
M.F.J. 

Midland 
J.W. Miller 
Mirage 
Wm. M. Nye 


Regency 

Santee 

Sinclair 

System One 

Trilectric 

Triplett 

Tokyo High Power 
Unidilla 
VoCom 
Weller 

W.S. Engineering 


25 W. 45th St., N.Y., N.Y. 10036 (212) 921-5920 


The theoretical response of the capacitively coup¬ 
led hybrid is shown in fig. 2. The input return loss 
and directivity are better than 20 dB (VSWR < 1.2:1) 
over a 10 percent bandwidth. The deviation from its 
nominal coupling is plotted for coupling from port 1 
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table 1. Design equations for transmission line 
and pi lumped-constant hybrids. 

e = COS ’ IO-K'20 


Lc 2irfZ 0 tan 0 
transmission-line hybrid 




pi lumped-constant hybrid 


where K = 10 log 10 (Pi/P4) absolute 
coupling 

Z 0 = termination impedances 
B = electrical transmission line 
length 



® 


fig. 4. (A) The hybrid may be formed by using the T or pi 
section artificial lines. (B) A complete hybrid. 


to port 4. The results from several experimental 3 dB 
models formed using eighth-wave semi-rigid trans¬ 
mission lines are shown in fig. 3. The theoretical re¬ 
sponse is shown as a solid line. Photographs are 
shown of transmission line, lumped-constant, and 



fig. 5. The theoretical response of the lumped-constant 
version of the hybrid is not as good as that of the trans¬ 
mission-line model. 
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microstrip hybrids. The artwork for a 435-MHz, 3-dB 
coupler is also shown for use on 1/16-inch, one- 
ounce Teflon-glass printed-wire board, 
lumped constant coupler 
The capacitively coupled hybrid may be formed 
with lumped constants in place of the coaxial cables. 
An artificial transmission line may be formed using 
lumped constants configured as a T section or a pi 
section, as shown in fig. 4A. The pi section is usually 
chosen to simulate the transmission line because it 
involves only one inductor and acts as a lowpass fil¬ 
ter. The lowpass filter decreases harmonic energy, 
and inductors are more difficult to measure exactly 


than capacitors. 

The values for the T artificial line are given as: 

L t = Z (1 — cos 8)/2irf sin 6 (7) 

C T = sm0/Z2rf (8) 

where 1 refers to the input and output impedances 
and 6 is the phase delay through the network. 

For a pi network the needed inductance and 
capacitance are calculated from: 

Lp = Zsin 6/2irf (9) 

C p = (1 - cosO)/Z 2irf sind (10) 
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aral equal-split hybrids were 

constructed 

using lumped constants. J 


By substituting the coupling equation, 

cose=10~K/20 (11) 

where K is the coupling between port 1 and port 4 in 
decibels, into the above equations for the pi network 
and using a few trigonometry identities, we arrive at 
the design equations for the lumped-constant, 
capacitively coupled hybrid given in table 1. 

A capacitively coupled hybrid is shown in fig. 4B. 
The predicted response of the lumped constant ver¬ 


sion is shown in fig. 5. The graph of the input return 
loss shows that the lumped constant version has 
slightly less bandwidth than the lightly coupled trans¬ 
mission line version (& 10 dB). At frequencies below 
100 MHz the length of transmission line is too great 
for compact implementation. Values for the con¬ 
struction of transmission-line or lumped-constant, 
capacitively coupled hybrids are catalogued in table 
2. Values for each of the Amateur bands are given in 
table 3. 

Lumped-constant models were constructed for 
several Amateur bands. The results for 3-dB and 20- 
dB couplers are shown in figs. 6 and 7. The 3-dB hy¬ 
brid is commonly used for power splitting/combin¬ 
ing, while the 20-dB hybrid is normally used as a 
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directional coupler. The results agree quite well with 
the theoretical values shown as a solid line. The re¬ 
sponses could be adjusted for perfect agreement if 
one used greater precision in component selection. 
Capacitors with marked values close to the calcu¬ 
lated values were used in these hybrids. With matched 
terminations on each port, the inductor closest to the 
input port is adjusted for best return loss. The input 
was then applied to port 4 with all the other ports ter¬ 
minated and the match adjusted using the other in¬ 
ductor. Spreading or squeezing of the inductor is 
determined using a "diddle" stick. This stick is con¬ 
structed by gluing a piece of brass to one end of a 
plastic stick and a piece of ferrite to the other end. If 
the performance improves with the proximity of 
brass, the coil needs to be spread for less induc¬ 
tance. The coupling between transmission lines is 
mainly a factor of the coupling capacitance. The 
capacitance is easily measured using a digital capaci¬ 
tance meter. 

The most popular use for the capacitively coupled 
hybrid is splitting the input and combining the output 
power from two transistors in a power amplifier, see 
fig. 8. The transistors remain isolated from each 
other. Isolation is a measure of how much of the 
power incident at port 1 appears at the isolation port 
3. It is also the same as the reflected power at port 4 
appearing at port 2, because the device is reciprocal. 
Isolation is equal to the coupling (port 1 to port 4) 
plus the directivity. For this hybrid the isolation be¬ 
tween ports 1 and 3 or between ports 2 and 4 is the 
same as the input return loss. Thus one can expect 
the mismatched power at the input to one transistor 
to be reduced by 20 dB (X100) before appearing at 
the input to the other transistor. This isolation im¬ 
proves stability by decreasing interaction. Any mis¬ 
match difference at the input to the two transistors 
appears at the isolation port. If the mismatch is iden¬ 


tical the hybrid still provides a good input match, and 
no power appears at the isolator port. Power at the 
isolation port of the output hybrid indicates gain dif¬ 
ferences of the transistors. 

intermodulation performance 

With respect to a signal applied to input port 1, the 
output signals at ports 2 and 4 on a 3-dB hybrid are 
90 degrees out of phase. One advantage that the 90- 
degree hybrid has over the Wilkinson combiner is the 
improvement in amplifier output intermodulation per¬ 
formance. A signal (Fi) from a nearby interfering 
transmitter coupled through the transmitting anten¬ 
nas mixes with the second harmonic of the amplifier 
(2F 0 ) at the collector in a power amplifier to form an 
intermodulation product (2F 0 ± Fi). This mixing 
product is typically close to the desired carrier fre¬ 
quency and thus very difficult to filter. Examination 
of the 90-degree hybrid shows that the intermod¬ 
ulation products (Fim) from the amplifier shown 
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in fig. 8 combine at the output port 180 degrees out 
of phase to cancel out, fig. 9. The round trip path of 
one interference-intermodulation signal is 180 de¬ 
grees longer than the round trip path to the other 
transistor. 


if peak detector diodes are used. A 3-dB quadrature 
hybrid may be used to induce circular polarization 3 in 
a pair of crossed dipoles, fig. 10C. By using a 3-dB 
hybrid to establish a 90-degree phase shift, a receiver 
mixer 4 can be formed, fig. 10D. The input signal and 




fig. 10. The capacitively coupled hybrid may be used as an (A) phase shifter, (B) SWR meter, (Cl circular polarizer, and (0) 


As long as each collector provides identical termi¬ 
nations to the combiner hybrid, the level of the inter¬ 
modulation signal at the output port should be re¬ 
duced by the value of the input return loss, graphed 
for each hybrid. 

other uses 

The 3-dB coupler may be used as a phase shifter 
for varying the phase in one leg of a phased array. 2 
See fig. 10A. These antenna systems typically cover 
a single Amateur band. By varying the purely reac¬ 
tive load at ports 2 and 4 the phase may be adjusted 
over 180 degrees. The standing wave ratio coupler 
shown in fig. 10B uses a 20-dB hybrid. The meas¬ 
ured return loss is given as 

V) 

return loss (dB) = -20 log] 0 jr (12) 


local oscillator are isolated typically by 30 dB over a 4 
percent bandwidth. The additional quarter-wave line 
at port 2 is used to establish an additional 90-degree 
phase shift with respect to port 4. Thus the mixer 
diodes are driven 180 degrees out of phase with re¬ 
spect to each other and the local oscillator signal is 
balanced at the i-f port. 
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FORECASTER 

Garth stonehocKer, KORYW 


last minute forecast 

DX conditions on 10, 15, and 20 
meters are expected to peak during 
the second and third weeks of this 
month because of high MUFs result¬ 
ing from increased solar activity. Dis¬ 
turbed conditions, because of solar 
flare emissions, are expected on the 
10th and 18th. Other periods of geo¬ 
magnetic and ionospheric (recurrent) 
disturbances are likely the 1st and 
27th because of enhanced solar wind 
from coronal holes. Nighttime DX on 
the lower bands should continue to 
be good during the entire month, 
with best performance during the first 
and last weeks. 

With the advent of the vernal equi¬ 
nox this month (21st), gray-line DX- 
ing should occur during both local 
sunrise and sunset. North/south 
paths over the polar regions should 


be useful, during lulls in geomagnetic 
storm activity. Geomagnetic distur¬ 
bances, which are more evident as 
the equinox approaches, cause con¬ 
siderable signal attenuation and fading 
on polar paths. (Gray-line operation is 
explained in ham radio, September, 
1982, page 56, and CQ Magazine, 
September, 1975, page 27). 


band-by-band summary 

Ten, fifteen, and twenty meters will 
be open from morning to early eve¬ 
ning almost every day, and to most 
areas of the world. The openings will 
be shorter on the higher bands and 
occur more frequently at local noon. 
Trans-equatorial propagation will be 
more likely on these bands during 
conditions of high solar flux and a dis¬ 


turbed geomagnetic field. 

Thirty meters will be useful almost 
twenty-four hours a day. Daytime 
conditions will resemble those on 20 
meters, except that signal strengths 
may decrease during midday on some 
days, those days coinciding with high 
solar flux values. Nighttime use will 
be good except following days of 
very high MUF conditions. Generally, 
the usable distance is expected to be 
greater than achieved on 80 at night 
but less than that on 20 meters during 
the day. 

Forty, eighty, and one-sixty meters 
are the night DXer's bands. The 
bands are open just before sunset 
and last until sunrise, local time. Ex¬ 
cept for daytime short-skip signal 
strengths, high solar flux values 
won't greatly affect these bands. 
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the weekender 



CW zero-beat indicator 
for transceivers 

For many CW operators who use transceivers, 
zero beating the station they are working is very diffi¬ 
cult. I, too, had this problem, and after several years 
of searching for an answer I devised the circuit illus¬ 
trated in fig. 1. It puts me within 50 Hz of the fre¬ 
quency of the station I am working. 

Terminal A (see fig. 1) is connected to the audio 
output line of my transceiver. When I am zero beat 
with the CW station I'm working, the LED lights 
when the other operator keys his transmitter. If the 
LED does not light, my rig is not zero beat. 

The LM567 (U1) contains an oscillator, with output 
frequency controlled by the value of R1 and Cl. The 
value of R1 is adjusted so the LM567 oscillator fre¬ 
quency is equal to the offset frequency of your trans¬ 
ceiver. The LM567 output is brought out at pin 8 and 
is an open collector. As you examine fig. 1, you will 
see that the collector load for the output transistor is 
the LED and R3, which are connected to +5 volts. 
When the input frequency to terminal A is equal to 
the LM567 oscillator frequency, the transistor is 
turned on and the LED lights up to provide an indica- 


By Glen Carlson, W6KVD, 2588 Hermosa 
Street, Pinole, California 94564 


tion that the audio frequency entering terminal A is 
equal to the oscillator frequency. 

The amplitude of the audio signal fed to terminal A 
will effect the bandwidth (the band of frequencies 
that will cause the LED to light). If the LM567 oscilla¬ 
tor is one kHz, and the input signal at pin 3 is 300 
mVp.p, the bandwidth of this circuit will be approxi¬ 
mately 350 Hz. Under this condition, you will get a 
zero beat indication when the audio input signal is at 
any frequency betwen 825 and 1175 Hz. So, you may 
be off-frequency by 175 Hz and still get a zero beat 
indication. We can do much better than this, how¬ 
ever. A 25 mVp.p signal on pin 3 will provide a 100 Hz 
bandwidth and the most that you will be off is 50 Hz. 

The lower the amplitude of the audio signal arriv¬ 
ing at pin 3 the more accurate you will be in zero 
beating the station you are working. However, you 
will still want to hear the audio signal, so R2, CR1 
and CR2 function to limit the maximum amplitude of 
the audio signal at pin 3 of the LM567 to a usable 
level while maintaining adequate volume from the 
speaker or headphones. My HW-101 has an 8-ohm 
audio output, and I find the 100-ohm resistor value 
for R2 adequate. However, 100 ohms may be too 
high for use with a 4-ohm audio output stage. There¬ 
fore, it may be desirable to install a 500-ohm potenti¬ 
ometer, and set the resistance of R2 to suit your own 
taste. 

The capacitance of Cl must be temperature sta¬ 
ble. I had the sad experience of using a capacitor for 
Cl with capacitance that changed with temperature, 
and the oscillator frequency of the LM567 changed 
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with the temperature of my rig. The capacitor type 
listed for Cl in the parts list works well for me. 

Owners of solid-state rigs having a + 5 Vdc supply 
will need only the circuit illustrated in fig. 1. Owners 
of tube type rigs may need to build a 5 volt supply, il¬ 
lustrated in fig. 2. 

construction 

I built the circuits illustrated in figs. 1 and 2 on a 
Radio Shack™ 276-024 printed circuit board. These 
boards are inexpensive and are made to accept a 16- 
pin 1C. They provide pads at the edge of the board 
connected to the 16 1C pins. I recommend installing 
an 8-pin 1C socket for IC1. Tin the traces on the 
board before drilling small holes in the pads. 

I drilled a hole in the front panel of my HW-101 and 
installed a grommet to hold the LED in place. I used 
single-conductor shielded audio cable for running 
power to the LED. The shield must be isolated from 
the chassis as it will be used as one of the conductors 
to the LED.* Find a place for installing the PC-board, 
and then construct a small U-bracket for mounting 
the board while maintaining isolation from the chassis. 

Tie terminal A to a point in your transceiver where 
this circuit will operate when using either the speaker 
or headphones. If you tie terminal A to a point where 
there is a dc voltage, CR1 or CR2 will be biased into 
conduction. In this case, use a suitable blocking Ca¬ 
pacitor between terminal A and the point you pick up 
the audio signal. A capacitor value between 0.01 #iF 
and 0.1 /tF should suffice. Adjust the value of R3 for 
suitable brilliance of the LED. 

alignment 

Alignment consists of setting the LM567 oscillator 
frequency equal to the offset frequency of your 
transceiver. There may be several ways to accom- 


C1 0.1 nF 200 V (see text) RS 272-1053 

C2 0.1 fiF 10 V 

C3 3.3/iF 10 V tantalum 

C4 0.01 fiF 10 V 

CS 10 fiF 10 V (tantalum) 

C6 500 nF 20 V 

CR1 & CR2 small signal germanium diodes 

CR3 rectifier diode IN4001 RS 276-1101 

CR4 5 V '/> watt zener diode 1N4733 RS 276-565 

R1 25 K ’A watt potentiometer (RS 271-336) 

R2 100 ohm '/• watt (see text) 

R3 510 ohm’A watt 

R4 510 ohm 'A watt 

LED RS 276-032 

printed circuit board (RS 276-024) 

LM56 7 phase-locked loop (RS 176-1721) 

(XR-567 is identical and usable) 


*A twisted pair made from No. 24 insulated hookup wire would work just as 
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fig. 2. Five-volt pow 

er supply. 


plish this adjustment. You will set the oscillator fre¬ 
quency by adjusting R1. 

If you have a ham friend who can zero beat your 
transmit frequency, adjust R1 while listening to his 
signal. As you adjust R1, keep reducing the volume 
to narrow the bandpass for the best adjustment of 
the oscillator frequency. Then practice zero beating 
your friend's frequency, and have him check the ac¬ 
curacy of your adjustment. 

A more accurate method uses a frequency counter. 
Measure the frequencies of the oscillators which de¬ 
termine the frequency difference between your 
transmit and receive frequencies. Subtract the 
smaller frequency from the larger frequency, and you 
will have your offset frequency. Using a low capacity 
probe, connect the frequency counter to pin 5 of the 
LM567, and adjust R1 until the counter reads your 
offset frequency. 

When using the frequency counter method, you 
may be surprised to find that your offset frequency is 
not exactly as listed by the transceiver manufacturer. 
In my case, the offset frequency was off by 70 Hz. 

If enough Amateurs build this circuit, we may find 
room in the CW bands for more QSOs. 


ham radio 
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$4.00 shipping and handling For more infor 
mat ion, contact MFJ Enterprises. Inc., P.0 
Box 494, Mississippi State, Mississippi 39762. 
Reader Service Number 305. 


5/8-wave UHFantenna 
for handhelds 

RF Products announces the addition of UHF 
to its existing line of 5/8-wavelength VHF tele- 
scopic gain antennas for handheld transceiv 
ers. The new models are available with a BNC 
type connector in 10 MHz frequency segments 
for the 440-512 MHz band; the most popular 
are now in production along with the 144 174 
and 220-255 MHz versions. Typical gain is 6 dB 
Iref. 1/4-wave helical) or 3 dB Iref 1/4 wave). 
Maximum gain and minimum VSWR is achieved 
by a tunable LC network 

The antennas include a base spring to pre 
vent whip damage to the telescopic radiator. 
Minimum bandwidth for 1.5:1 VSWR is 10 
MHz with a maximum rf power rating of 5 
watts. The maximum extended length with 
connector is 17-3/16 inches 1435 mml and the 
collapsed length is 6-5/16 incites 1160 mml. 
The operating frequency range for each model 
is identified by the color of the base spring 
cover. The model/frequency ranges available 
are as follows: 191-914 1440-450 MHzl. 191-954 



(450-460 MHz), 191-964 (460-470 MHzl, 
191-974 ( 470-480 MHz), 191-984 1480-490 
MHz), 191-994 (490-500 MHz), and 191 904 
(500 512 MHz). Suggested list price for all 
models is $19.95 with dealer and OEM dis¬ 
counts available. 

For more information, contact RF Products, 
P.O. Box 33. Rockledge, Florida 32955. Reader 
Service Number 306. 


handheld counter-timer 

The 5000 Counter-Timer combines all the im¬ 
portant features and performance capabilities 
of a bencluop unit with the convenience of a 
fully portable, battery operated instrument. It is 
priced at $349.95. and measures 7.6 x 3.75 x 
1.7 inches, and weighs 14 ounces (without bat¬ 
teries). 



The 5000 is designed to measure frequency, 
period and pulse width with extreme accuracy 
and exceptional reliability. It features full signal 
conditioning, including attenuator (XI, X10, 
X100); slope selection I t or - edge for pulse- 
width measurement): sc or dc coupling and 
variable-trigger level. 

A high contrast 0.43-inch LCD display offers 
eight-digit precision for fast and accurate read¬ 
ings. LCD annunciators indicate overflow, gate 
open, and low battery conditions. A switch al¬ 
lows the display storage mode to maintain the 
last reading in the display indefinitely. 

The 5000 has automatic master reset logic, 
which instantly clears the display and initiates a 
new measurement cycle, eliminating erroneous 
partial measurement. A self-diagnostic func¬ 
tion performs analysis of internal logic and pro¬ 
vides instant assurance of accurate operation. 

The 5000 has three modes of operation: fre¬ 
quency, period and pulse width. Signal input is 
via BNC connector — input impedance is 1 
megohm at 25 pF for all modes. In the frequen¬ 
cy mode, the 5000 can handle inputs from 0.1 
Hz to 50 MHz. Gate times of 0.01, 0.1, 1.0, or 
10 seconds can be selected. Frequency will be 
displayed in kilohertz on the LCD screen. The 
5000 will measure any periods from 25 ns to 10 
seconds and deliver a single cycle measure¬ 
ment or an average of 10. 100, or 1000 cycles. 
Time will be displayed in mS. Pulse width 
measurement from 25 ns to 10 seconds can be 
made. Either the high or low portion of the in¬ 
put signal can be selected. 

The 5000 is powered by six AA NiCd or alka¬ 
line batteries or an optional ac adapter/ 
charger. Optional accessories are available for 
the 5000. 


(Appliance! 
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ATTENTION 
RADIO DEALERS 


Send for our free catalog on 
commercial, industrial, marine. 
Amateur and CB products 


(512) 734-7793 
733-0334 

2317 Vance Jackson 
San Antonio. TX 78213 


Amateur Radio Today 

A Mini-Magazine offering timely 
material on a professional basis for all 
active Radio Amateurs. A.R.T. is 
six pages, produced bi-weekly on 
high quality stock using magazine 
production techniques. Money back 
guarantee for your $26/yr. subscrip¬ 
tion or a quarterly trial (six issues) for 
$5. See wnat we've covered recently: 

• 10.1 MHz opens for Amateurs • How low 
should your transmitted wave angle be? • 
CQWW phone and cw contests • Sweepstakes 

• Cordless telephones • FCC ideas on 1500 
watt output power for Amateur Service • 
Manufacturer responses to 10.1 MHz equip, 
mods. • Six-meter openings • Calculate your 
system noise figure • Worldwide network of 
20-meter beacons • 900 MHz ssb • 160-meter 
DXing • Big antennas at K2GL • Antenna 
heading calculations • Review of Yaesu 
FT-102, ICOM-740, and others • Meteor scat¬ 
ter • The Satellite Program • Interview with 
Madison Electronics • and much, much more! 

Amateur Radio Today 
221 Long Swamp Road, Wolcott, CT 06716 


New 9 83 Catalog 



Send $1.00 postage lor your FREE 1983 Jamaco 
Catalog. 

JHHi ‘electronics 

1355 Shoreway Road 
Belmont, CA 94002 







When it comes to 

QSL’s. 


r,„ NT 

ONLY BOOK! 

US or Foreign Listings 

calllaoolcs | 


Emblem Patch 
only $2.50 postpaid 


Here they are! The latest editions of the 
world-famous Radio Amateur Callbook 
are available now. The U.S. edition 
features over 400,000 listings, with over 
75,000 changes from last year. The 
Foreign edition has over 370,000 listings, 
over 50,000 changes. Each book lists calls 
and the address Information you need to 
send (SSL's. Special features Include call 
changes, census of amateur licenses, 
world-wide QSL bureaus, prefixes of the 
world, International postal rates, and 

1983 Radio Amateur Callbooks, available 


shipping. Illinois resldentsadd 5%sales tax. 

SPECIAL OFFER! 

Amateur Radio 


INEWI 

products 


ormation, contact Global Sped 
ion, 70 Fulton Terrace, P.O. Box 
aven. Connecticut 06509-1942, 
i Number 307. 


the IC-R70 

ICOM's professional general coverage re¬ 
ceiver, the 1C R70, is a generation later and 
features more functions than other less sophis¬ 
ticated general coverage receivers on the mar¬ 
ket, such as squelch cn sideband, adjustable 
width noise blanker, adjustable speed AGC, 
passband tuning as standard, and adjustable 

Other features are high stability, synthesized 
tuning and three tuning speeds, optional 
am/fm mode, variable CW filter widths, dial 
lock, two VFOs with data transfer, plus many 
others. The IC-R70 will operate transceive with 
the IC-720A, making an ideal combination for 
the serious DXer or CW buff. 


Retail price is set at $749.00. For more Infor¬ 
mation, contact ICOM, 2112 116th Ave. N.E., 
Bellevue. Washington 98004. Reader Service 
Number 308. 


Moscow Muffler™ 
woodpecker noise blanker 

The AEA model WB-1 Moscow Muffler 
Woodpecker Blanker offers effective blanking 
of the Russian Woodpecker signal with no 
modification to the receiver required. The 
WB-1 is designed to be connected in the an¬ 
tenna feedline between the antenna and the re¬ 
ceiver. The WB 1 blanks the interfering pulses 
before they have been stretched out by 
receiver tuned circuits, thereby causing the 
least amount of distortion possible. 

Because the WB-1 is a synchronous blanker, 
it simply does riot overload from strong adja¬ 
cent channel signals. In addition to the superior 
blanking features, the WB-1 offers an effective 
low noise, broadbanded 6 dB rf preamp with 
( 13 dBm intercept point. The preamplifier 
may be switched in or out whether or not the 
WB-1 is in the blanking mode. The WB-1 fea¬ 
tures a pulse blanking width control for reduc- 


ii for $9.95 'SS,S : '' l 

B YAESU FT-207R OWNERS 
AUTOMATIC 
SCAN MODULE 

starts when carrier drops off; 
busy switch controls auto¬ 
matic scan on-off; includes 
module and Instructions. 
Modal AS-1 *25.00 

-arf^BATTERY SAVER KIT 
r Model BS-1 $14.95 


' ENGINEERING CONSULTING 

P.O. BOX 216 DEPT. H 
BREA. CALIFORNIA 92621 


CB TO TEN METER 
CONVERSION KITS 

KITS for AM—SSB—FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy In¬ 
stallation with minimum time and equip¬ 
ment 

BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 

PRICES Low cost prices range Irom 
$8.00 to $50.00 

All kits are in stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 

Sandwich, Ma. 02563-0183 
(617) 888-4302 


broadcasting 

Applicants must quality in two cil the loilow ng aiea 

• Studio Control 

• Tape Recording 

• Field Operations 

• Broadcast Equipment Maintenance 
Starting salary SI I 93 per hour 

U.S Citizenship Required 
Submit Standard Federal Application Form SF-’i 
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1296 & PHASE III 

MAKI UTV1200- s 399 95 
2M or 6M I.F. / 5 WATTS 

• 4 TRANSVERTER MODELS 

• TX/RX CONVERTERS 

• PRE-AMPS, AMPS, FILTERS 


LC. SASE FOR CATALOG 
SEE US AT DAYTON 83 



5717 NE 56tn, SEATTLE, WA 
206-523-6167 98105 




products 


ing the blanking width to the minimum width 
necessary to achieve maximum blanking. The 
minimum blanking width will assure the mini¬ 
mum signal distortion that must result from 
placing holes in the received signal. Blanking of 
both 10 Hz and 16 Hz Woodpecker modes is 
achieved with the WB-1. 

The WB-1 Moscow Muffler Blanker is avail 
able in a transceiver version (model WB-1 C) 
which features a carrier operated relay (COR) 
for automatic transfer from receive to transmit. 
A COR ADJ. control is provided for adjusting 
the relay dropout delay in switching from trans- 

Electronic Applications, Inc., P.O Box C2160, 
Bldg. O&P 2006 196th SW, Lynnwood, 
Washington 98036-0918. Reader Service Num¬ 
ber 309. 


multicore emergency solder 

Emergency Solder can be easily carried in a 
shirt pocket or stored flat, and requires only an 
ordinary match or candle flame to melt the sol 
der strip. Multiple cores of rosin flux are incor 
porated into the flat strips, eliminating any re 
quirement for a separate fluxing application. 

and need not be removed after soldering. 

To solder two wires, simply twist the wires 
together, wrap the solder strip lightly around 
them and apply a flame. Move the flame slowly 
back and forth until the solder flows into the 
splice. For larger wires, wrap two layers around 
the splice and use a candle to apply the flame 
for sustained heat. Insulating tape or sleeving 
should be used after soldering electrical wires. 

To solder sheet metal, the solder should be 
placed between or on the metal parts to be 
connected. Hold the parts together while ap¬ 
plying heat from a candle flame or soldering 
iron and then let cool. Multicore Emergency 
Solder is suitable for any solderable metal; it is 
not suitable for aluminum. 

Multicore Emergency Solder costs 99 cents 
each. For more information, contact Multicore 
Solders. Cantiague Rock Road, Westbury, 
New York 11590. Reader Service Number 310. 


learning code in stereo 

Radio School' stereo code cassettes are a 
new approach to learning the International 
Morse code. One stereo channel contains the 
computer-generated code which meets the 
latest FCC tape-speed specifications. The sec¬ 
ond channel contains the voice. Separating the 
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NO MORE MISSED CALLS 
OR ANNOYING CHATTER. 



INTRODUCTORY 

OFFER! 


shipping & handling 
charges included 













!NEW! 


INCREDIBLE CODE!! 

Learn the International Morse Code 
by the patented 
“WORD METHOD” 


KENWOOD 



Laurel PI 

1 Nt Route 198 

. .GQMM Laurel, Md. 

C€NTER 20810 


CALL TOLL FREE 
1 - 800 - 638-4486 


WANTED, Military surplus radios. We need Collins 616T, 
ARC-94, ARC-102. MRC-95. HF105. VC-102, RT-804A/ 
APN-171, RT-712/ARC-105, ARC-114, ARC-115. RT-823 1 
ARC-131 or FM-622. RT-857/ARC-134. or Wilcox 807A. RT- 
859/APX-72, 313V-1 control, antenna couplers 490T. CU- 
1658A, CU-1669A. 490B-1. 690D-1, top dollar paid or trade 


1658A, CU 1669A. 490B-1.690D-1. top dollar pai 
704-524 W 7519l a s?ep Electronics 6 Company 6 F 


RTTY-EXCLUSIVELY tor the Ar 
year $7.00. Beginners RTTY H, 
journal index. PO Box RY. Cardll 


board and daughter board, all Interconnecting wiring. 
Nothing to cut or glue. Complete $100.00. N6GFE, 980 
Wildcat Canyon Road. Berkeley. CA 94708. (415) 


Just listen and learn! The "WORD METHOO" 
is based on the latest scientific and psycho¬ 
logical techniques. You can zoom past 13 
WPM in less than HALF THE USUAL TJMEI! 
The kit contains two cassette tapes, over TWO 
HOURS ol unique instruction by internationally 
famed educator Russ Farnsworth. Complete 
satisfaction guaranteed. 

Available at local Electronic Dealers, or send 
check or money order lor S14.95 plus SI.50 
lor postage and handling to: 

EPSILON RECORDS 

5002 W. McFadden - #73 
Santa Ana, Ca. 92704 


PROTECT YOURSELF 

with the 

ASPHALON FIRE EXTINGUISHER 

The ASP Haion Fire Extinguisher salely extin¬ 
guishes all lypes ol fires wilhoul leaving resi¬ 
due. is non-corrosive, 3 limes as eilechve as 
CO?, and will noi cause damage lo sensitive 
electronic equipment, such as ham gear or 
computers. Haion 1301 was 
chosen by N.A.S.A. lor its on¬ 
board extinguishing syslem on 
the Space Shuttle Shouldn't 
you protect your investment in 
electronic equipment with the 
safesl fire extinguisher avail- 


FASTRAK*MODULAR BUILDING SYSTEM Is the state- 
of-the-art In homebrewing. Build attractive, practical 
equipment for less. Send S1.00 (refundable) lor Into and 
product catalog. Proham Electronics, Inc., 34620 Lake¬ 
land Blvd., Eastlake. Ohio 44094. 

MANUALS for most ham gear made 1937(1970. Send 
SI.00 lor IB page "Manual LIsr.postpald.HI-MANUALS. 


Car or bench size, t pound 4 oz. 
2 year tactory warranty 

$29.50 postpaid 

Order direct from 

Amp Supply Co. 

2071 Midway Drive 

S P.O.Box421 

Twinsburg, Ohio 44087 
Phone #(216) 425-2010 
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Surge protection plus master 
control for all your equipment 


Coming Events 

ACTIVITIES 

“Places to go...” 



At $79.95, new 
Alpha Delta MACC 
is very low cost 
“insurance” on your 
total investment 




by the Morgan County Amateur Radio Club, Mor- 
ounty 4-H Building and Fairgrounds. Admission: 
al door. $3.00 advance, children 11 and under tree, 
narket with table $5.00; without table $3.00; pre¬ 
table $20.00. Free parking. Doors open lo public 8 
endor setup starts 5 AM. Talk in on 147.66/06. For 
s, table reservations and information SASE to 
i Scales. KA9MBK, 3142 Market Place, Blooming- 


rland Stale Fairgrounds Exhibition Complex, 
n. Gates open 8 AM. Admission $3.00, children 
free. Large indoor dealer and flea market area, 
tdoor tailgate area. Refreshments, Iree parking. 


oor tailgate area. Refreshments, Iree 
ikers include Vic Clark, President Al 
i and table reservations: G B M & C. 
im, MD 21093-0095. (301)561-1282. 


>URl: The J.B.A.R.C/S Amaleur Radio Auction, 
11, Carondelet Sunday Morning Athletic Club, 
cughborough, St. Louis. Open 6 PM; auction 7:30 


bugaboo, lightning. Strikes miles control individual components, 
away can cause damage. So can And you can turn your entire 
transient currents from such system on or off with a single 
common things as electric motors master rocker switch, 
and fluorescent lights. All switches light up when "on" 

But Alpha Delta Master AC to confirm system condition. 

Control Console's 3-stage MACC js tested t0 1EEE pu | Se stan . 

automatic restorab'e circuitry dards and rated at , 5A ^ , 25 VAC. 
dips off the power surges and 60 Hz . 875 watts C0ntinu0 us- 
spikes to provide dean AC power. duty tota| for conso | e See |abe| 

Its resettable circuit breaker adds for ' urge p rotec tion limitations, 
further protection. _ ^ 1A1U 

...__ . . . Get MACC protection. Whatever 

MACC gives you control conve- the pri £ can be the most 

nience, too It provides 8 plug-in impo rtant buy you make. 

U ground outlets for your 

components—including one "hot" ALPHA DELTA Model MACC Master AC 


for a continuously powered appli- Control Console $79.95 (U.S.) 

At your Alpha Delta dealer. Or in U.S.. order direct, adding 
$4 for postage/handling to check or money order. 
(Approx, shipping wt.: 4'A lbs. each. Approx, size; 11" 

■ jlMpBB x 2%" x 2%") MasterCard and VISA accepted. Ohio 
yjgy residents add Sales Tax. Sorry, no C.O.D.'s 


ALPH/LDCl 


P.O. Box 571, Centerville, Ohio 45459 • (513) 435-4772 


COMMUMIQmaHS 

■ (513) 435-4772 (AA) 


by the Great Bay Radio Association. Satur- 
9, Somersworth Armory. Somersworlh. 9 AM 
intrance fee $1.00 per person. Refreshments 
Free parking. For advance registrations and 
ormation: Great Bay Radio Association, PO 
over. NH 03820. 

>EY: The Delaware Valley Radio Association's 
al flea market. Sunday, March 13, 8 AM to 4 
Jersey National Guard 112th Field Artillery 


ea. Refreshments. Sellers bring 
in 146.52 and 146.07.67. For Inlorma 
dx 7024, West Trenlon, NJ 08628, (S 


Flea Market, Saturday, March 19, Education Build- 


SHORTWA VE LISTENER Other Items 

APARTMENT DWELLING HAM Antenna imps 

MINI-ANTENNA KIT- cm»s..m*s 

ACTIVE ANTENNA B 

enna remote preampiilier lor 
inical on 40-160 M requires Res ' sl0 ' 5 

n loumaxn S3i.95- Cawactors 


ALSO 

BSW SWL Trapped Dipole Anlenna 
1 1 -49M SWL Bands 
B&W SWL PoMaOie Whip Anlenna 
11 -49M SWL Bands 
B&W Ham Ponabie Whip Anlenna 
2-40 Meter Bands 
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On January 20, 1983, the FCC proposed the most important Amateur rules change in many years — the 
proposal to delegate the responsibility for Amateur license examinations to the Amateur community. Un¬ 
fortunately, the emotion-laden issue of a no-code license has all but obscured this other crucial Notice of 
Proposed Rule Making. 

In consideration of the ARRL's Petition for Rule Making on exam administration, the FCC has proposed 
a three-man team headed by an Extra Class licensee to administer individual exams. Examiners would have 
to be certified by one of several recognized supervisory organizations called Volunteer Examiner Coordina¬ 
tors. They would have to be over 18 years old and could not work for a manufacturer or distributor of Ama¬ 
teur equipment or a publisher of training materials. Questions would be chosen from a list made up by the 
Commission from submissions by individual Amateurs and groups of Amateurs. 

There are a lot of hard questions that must be asked about this proposed system. Three-man examining 
teams (for all licenses except Novice) are fine for major urban areas like Los Angeles, Chicago, or Wash¬ 
ington, D.C., but what happens to the would-be upgrader in remote parts of the country? Should there be 
a mechanism provided to deal with such cases, for example an examining team led by an Amateur but in¬ 
cluding non-Amateur examiners, such as elected public officials, when three licensed Amateurs aren't 
available? Should a formal procedure for giving exams at hamfests or in classrooms be included in the new 
rules? 

What should the qualifications for a Volunteer-Examiner-Coordinator (VEC) be? There has been definite 
interest in this program shown by some non-Amateur groups. How should the long-term integrity of the 
VECs be ensured? 

It seems that the FCC would prefer to have more than one VEC overseeing the exam-administration 
effort. How could anyone be sure that the different organizations all hew to the same standards? How 
would the overseeing groups finance their administration costs? The ARRL is already well aware of what 
this program is going to cost it, and it questions whether it's fair to the League's members to have them 
pick up the bill. Should there be a fee charged for giving Amateur exams? Who should set the fee, and to 
whom — the examiners, their overseeing group, or both — should it go? 

Should the FCC include the Novice exam in this new overall program, instead of establishing the less 
demanding Novice exam program they proposed in an NPRM late last year? The ARRL wants Novices in¬ 
cluded, yet the Commission has indicated its approach would be simpler, faster, and cheaper. The Com¬ 
mission received very few comments on its Novice exam NPRM; does that mean Amateurs want the Nov¬ 
ice exam a part of the larger program, or was the FCC's proposed Novice exam program simply overlooked 
in the concern generated by the no-code license proposal? 

There are other considerations as well. It takes time to establish workable procedures (look how long the 
FCC had). Might not inordinate delays occur at every step of the process, resulting in longer delays in get¬ 
ting licensed? Right now it's a hot topic, but what about one or two years downstream? Might not interest 
wane among the exam administrators — with newcomers to the hobby being the losers? Most of all, we 
should be concerned about the possibility that the ham ticket might be devaluated by an unequitable, non- 
uniform examination procedure. How simple it seems now, to go down to the nearest FCC office and take 
the exam. Might not a small licensing fee underwrite the cost of FCC-administered exams? 

Write the FCC with your opinions. Comments on the exam administration proposal, FCC PR Docket 
83-27, are due at the Commission by April 8th. Address them to the Secretary, Federal Communications 
Commission, Washington, D.C. 20554. You'll need to send an original neatly typed with wide margins, 
plus five copies (eleven is better, since each Commissioner will receive one). Your name and the Docket 
number should appear on each page. 

What we, as individual Amateurs and through our clubs and organizations, tell the Commissioners may 
do more to influence the future of Amateur Radio in the United States than anything else we will ever do! 

ham radio 






filters for Amateur use 

Dear HR: 

In his letter to the ham radio editor 
(February, 1983, page 8), Ed Marri- 
ner, W6XM, mentioned a problem 
the Radio Amateur too frequently ig¬ 
nores — the need to comply with the 
FCC requirement that transmitter har¬ 
monics be down by 40 dB or more 
from the fundamental. Ed further ex¬ 
plained that to accomplish this on all 
bands a lowpass filter for each band 
is necessary. The customarily used 
30-MHz lowpass filter, widely adver¬ 
tised by J.W. Miller, Drake, and 
B&W, is effective, he said only for 
the Amateur 10-meter band. 

A "best solution" offered by Ed 
was for the Amateur to install low- 
pass filters designed to cut off just 
above the upper end of the band 
being used; however, the recom¬ 
mended designs were from the June, 
1957, issue of GE Ham News — 
designs that are more than twenty- 
five years old! 

During the past twenty-five years, 
the Radio Amateur has witnessed 
many changes, the most obvious 
being the transition from vacuum 
tube to solid state, and more recently 
the introduction of the personal com¬ 
puter to ham operation. Less obvious 
was the transition from filter design 
using the image-parameter-design 
procedure invented by Otto Zobel to 
the modern filter (network-synthesis) 
design procedure. The modern de¬ 
sign filter has a simpler configuration 


and a more precise performance than 
the older image-parameter type. 
Modern lowpass designs (Chebyshev 
and elliptic) have been developed in 
which standard-value capacitors are 
used, thus making them simple for 
the Amateur to build. These designs 
have been widely published in the 
Amateur Radio handbooks, in trade 
handbooks, and in the Amateur and 
trade periodicals. I think Ed will agree 
that these designs are a better solu¬ 
tion to the Amateur lowpass filtering 
requirements than are the old 
designs. 

Ed also mentioned the problem of 
obtaining suitable high-voltage, low- 
loss capacitors for use in constructing 
lowpass filters for Amateur high- 
power applications. I, too, have expe¬ 
rienced this problem, and I have con¬ 
tinually been searching for a better 
high-voltage capacitor than the Cen- 
tralab ceramic TVL type that Ed men¬ 
tioned. I think I have finally found a 
suitable alternative to the TVL capaci¬ 
tor, but the manufacturer of the high- 
voltage capacitor, KD Components 
Inc. (3016 S. Orange Ave., Santa 
Ana, California 92707), sells only in 
quantities greater than ten and has a 
minimum billing of $50. Also, the 
maximum capacitance available in 
the 2-3 kV range is 100 pF, so several 
capacitors will have to be paralleled 
to get the larger capacities required 
by the filters for the lower Amateur 
bands. The approximate cost of the 
2-kV, 100-pF, 10 percent capacitor in 


quantities of 10-99 is $4. In quantities 
above 500, the price drops to $1.44! 
Consequently, this capacitor type, al¬ 
though excellent for the application, 
appears to be financially practical 
only for a high-volume manufacturer 
of lowpass filters. 

A filter designed from the data in 
reference 4 ( QST, December, 1979) 
was constructed and operated at a 1- 
kW power level without a failure, but 
this is feasible only when the VSWR 
can be carefully controlled, otherwise 
the voltage rating of the capacitors 
may be exceeded and the filter dam¬ 
aged if the VSWR becomes exces¬ 
sive. For power levels below 500 
watts, the polystyrene and mica 
capacitors seem suitable. So, con¬ 
trary to Ed's concluding statement, 
there does seem to be hope, and I 
suggest that those not having a filter 
for each band should review the ref¬ 
erences included with this letter, and 
then construct any filters that may be 
required. 
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inexpensive video monitor 


Bypassing rf and i-f sections 
to resurrect old TVs 
for modern use 

The current interest in home computers, slow- 
scan and fast-scan TV, RTTY, and automatic CW 
keyboards — not to mention home video movies and 
games — creates a need for an inexpensive display 
device for the ham shack. Many commercial video 
products are designed to work with a standard TV, 
typically using channels 2, 3, or 4 with a video modu¬ 
lator. There are some drawbacks to this procedure, 
though; for one thing, the family TV is not likely to be 
located in the ham shack. And, more importantly, 
the performance of a TV set is less than optimum if 
high resolution is needed. 

I first considered the problems of TV sets when I 
acquired a TRS-80 Model I microcomputer a few 
years ago. I figured I could save some money by con¬ 
verting an old black and white TV set for use as a 
monitor. Typical computer-grade monitors sell for 
$100 or more, but a flea-market TV can be found for 
next to nothing. And TV sets have a 15 to 20 inch 
screen, unlike the typical 12-inch monitor. Sounds 
like a bargain, but there's a hitch. 

The problem is bandwidth, (or resolution, depend¬ 
ing on your point of view). Commercial CRTs use an 
80-character display, and many home computers set¬ 
tle for 48, 32, or even 24 characters per line. The res¬ 


olution of TV is typically much less. The TRS-80 uses 
a sixty-four character display, which is why Radio 
Shack sells a dedicated monitor. Those sixty-four 
characters occupy roughly 80 percent of the horizon¬ 
tal scan line. Each character is five dots (pixels) wide, 
and there is a one-pixel space between letters. So, 
we have 6 x 64 = 384 pixels per line. In a conven¬ 
tional (U.S.) TV scanning system, one line is 
scanned in 63.5 microseconds. Only 80 percent of 
this time is available for the letters, so the pixels are 
scanned at a rate of (384 pixels/line)/(0.8 x 63. 5 
microseconds) = 7.6 million pixels/second, or 130 
nanoseconds/pixel! The situation is even worse for 
an eighty-character line. (The longer lines are desir¬ 
able for RTTY — where seventy-two character 
machines are common — and word-processing.) 
Furthermore, in order that the pixels reach full bright¬ 
ness when on, and return to the black video baseline 
when off, the rise and fall times must be much less 
than the 130-nanosecond duration of a pixel. Other¬ 
wise they will run together in the bars on the letters 
T, E, B, and so on, and fade out in the vertical part of 
letters I, L, etc., as noted by W9CGI. 1 We require a 
bandwidth at least twice the pixel rate, or 15 to 20 
MHz! 

Broadcast TV uses a 6-MHz channel width. The i-f 
strip is designed to have sharp cutoff, to minimize 
adjacent channel interference. The video carrier is al¬ 
ready 1.25 MHz above the lower band edge in the 

By Carl Gregory, K8CG, 203 Trappers Place, 
Charleston, West Virginia 25314 
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vestigial sideband system. The maximum available 
video bandwidth is a bit more than 4 MHz, if we use 
the video-modulated rf carrier approach. It should 
have been no surprise to me when my TRS-80 dis¬ 
play was illegible unless I used the expanded (thirty- 
two character per line) display. The problem was 
compounded by snow (low signal to noise ratio) from 
the aging rf section. 

How to remedy this? Several approaches are 
possible : 

1. Slow down the scan rate. This method has two 
drawbacks in that it causes annoying flicker in the 
display, and requires major modifications to the TV 
and the video display-generating circuitry. 

2. Pre-process the video signal, emphasizing high 
frequencies. This approach was used by W9CGI. But 
you can compensate for only so much high frequency 
roll-off. The match between compensation and i-f 
roll-off must be exact. 

3. Bypass the problem by skipping the rf and i-f sec¬ 
tions of the TV set. This is my approach; it is the sim¬ 
plest, the most effective, and potentially the cheap¬ 
est, since you can use a TV with a defunct tuner. 

Let's consider the modification of a typical tube- 
type TV set for use as a wideband video display. Fig 
1 shows the pertinent parts of the video amplifier 
stage. (The circuit is from my Setchell-Carlson set 3 ). 
Note that the cathode of the picture tube is driven. 
Fig. 2 shows the typical video signal level available 
from the computer, demodulator, or other source. 
Our problem is to match the two devices. 



simplest approach 

The first method uses the existing video amplifier 
and bypasses the rf and i-f stages. In my set, the de¬ 
tector output (TP-1) was brought out to a test point 
on top of the chassis. I determined that, since the 
typical detector level is a couple of volts peak-to- 
peak, the new video source could just be hooked in 
parallel here. 

Fig. 3 shows the circuit. The signal comes from 
the computer, VCR, or other source, via the coax. 
Some 50 or 75-ohm cable is all right as long as it's not 
more than a few feet long. I used RG-174, which is a 
nice size — not too stiff. A blocking capacitor is 
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needed since the 2200-ohm grid leak would other¬ 
wise be shorted by the 75-ohm video source. This 
capacitor must pass frequencies as low as the verti¬ 
cal sync pulses at 60 Hz. For 50- or 75-ohm systems 
this means Xc = 50 ohms (maximum), so C = 1/(2 
x pi x 60 x 50) = 53 microfarads (minimum). Note 
the polarity of the capacitor: the grid is negative. Be 
cautioned: This circuit will not work on a transform¬ 
erless TV with a hot chassis unless an ac isolation 
transformer is installed, because there is no place to 
safely install the shield side of the video cable! 

I installed this circuit (cost was less than $3.00 for 
cable, connectors, and capacitor) in my TV set, and 
was using my new computer in a day or so. I used it 
that way for about a year before I had time to try to 
improve the performance. There was still consider¬ 
able blurring of pixels, the brightness and contrast 
needed continuous adjustment as the set warmed 
up, and the contrast was a bit low. 

second approach 

A note in Byte magazine suggested the solution. 2 
A new video amplifier improves the high-frequency 
response, and provides the needed gain to get the 
desired contrast. Unfortunately, the circuit in the 
magazine had some drawbacks, and I finally came up 
with my own. The circuit in fig. 4 has the following 
properties: no separate power supply needed; ade¬ 
quate gain; sufficient bandwidth to give well-formed 
characters at 80 per line; linear enough to use for a 
video-tape or ATV monitor; uses the existing bright¬ 
ness control circuit; no exotic devices required. (Any 
modern PNP and NPN transistor should work fine.) 

circuit description 

The video cable is terminated in a resistive pad, 



R1-R3, which also serves as part of the bias circuit 
for Q1. Cl passes the signal to the video amplifier 
(for the benefit of the sync circuitry only). Q1 oper¬ 
ates as a linear common-emitter amplifier. The gain is 
about 5 at low frequencies. The emitter bypass (C2) 
boosts the gain above 5 MHz and compensates for 
the transistor's reduced beta. It is important to oper¬ 
ate all the transistors in the linear region. Saturation 
of any transistor (clipping) will load the base with 
charge, requiring time to discharge, resulting in slow 
switching or reduced bandwidth. 

Q2 acts as an inverter and level shifter. The gain is 
about 0.7. The level shifting is necessary since dc 
coupling is used to get wide bandwidth, and the gain 
need not be high since we have one more stage to 
go. Q3 is another common-emitter amplifier, with a 
gain of 3 at the collector. The signal has now been in¬ 
verted three times, so it is inverted overall. The white 
peaks of the video input are negative peaks at the 
output (cathode) which drive off many more elec¬ 
trons and make a white spot on the screen. 

The cathode of the picture tube is a low current 
point, so we can use a relatively small capacitor to 
couple the signal to it (C3). We also need dc here, 
but the value (+ 80 volts) is a bit high for the transis¬ 
tors, so I derived it from the existing bias circuit via a 
filter (R11-12 and C4). The filter removes the video 
information from the old amplifier, but passes the dc 
cathode current. 

The overall gain is about - 15, so a 1-volt peak-to- 
peak input yields about 15-volts peak-to-peak out¬ 
put. This means the power supply must provide con¬ 
siderably more than 20 volts. By trial and error, drop¬ 
ping resistors (R13-14) were found which gave an 
acceptable picture without overheating the transis¬ 
tors. (It is difficult to calculate the value, since the 
current drain of the amplifier varies with Vcc and the 
nature of the video signal.) C5 filters the resulting 40 
volts or so and keeps it relatively constant during 
each frame. This unregulated supply is the least sat¬ 
isfactory aspect of the circuit, but the heat from the 
dropping resistors is hardly noticed in a tube-type 
set. 

construction 

This amplifier can be built in a breadboard format, 
since parts placement is not critical. I used a simple 
printed circuit board (cover the foil with masking 
tape and remove some with a knife, leaving large 
islands where the components are to be attached). 
The board was installed in the back of the set below 
the base of the picture tube. I just cut the yellow 
cathode lead in the middle (point A in fig. 1) and 
attached the two ends to the board. This is probably 
the only semi-critical item — it wouldn't do to go to 
all that trouble to get a sharp video signal and then 
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run it through a long inductive lead. But 6 to 8 inches 
doesn't seem to hurt. Caution: This circuit will not 
work on a transformerless TV with a hot chassis un¬ 
less an ac isolation transformer is installed, because 
there is no place to safely install the shield side of the 
video cable! 

adjustment 

There are no adjustments in the new video ampli¬ 
fier. However, we can improve performance a bit by 
adjusting the TV set. So far, only the video charac¬ 
teristics associated with the horizontal sweep have 
been discussed. Another problem with TV is that the 
scan is not necessarily linear. That is, the picture may 
be bunched up at one side or the top or bottom of 
the screen, and spread out elsewhere. This would be 
intolerable in a color set, but is common in old black 
and white sets. There should be a pair of pots for 
adjusting top and bottom vertical linearity, and there 
are two tabs mounted on the yoke which can be ro¬ 
tated independently to position the picture properly. 
It should be possible to find a combination in which 
the part of the picture you want to use the most is 
conveniently displayed. 

Finally, you may find that the focus is not uniform 
over the screen. The focus control and those posi¬ 
tioning tabs may interact, and it should be possible to 
get a reasonably crisp picture over the most impor¬ 
tant parts of the screen. (For use as a computer or 
RTTY display, the right side is less important than 
the left, for instance.) 


I have been using the circuit in fig. 4 with the 
TRS-80, and more recently with a homebrew S-100 
system using an eighty-column display, for about a 
year now. It sure is nice to not have a lot of short, 
left-over lines on RTTY — you can see most of the 
last transmission all at once with the eighty-column 
display. The large screen is easy on the eyes, al¬ 
though the contrast is a bit low if the room is sunlit. 
And word-processing is handy, too; this article was 
written on the big screen. A test with a Panasonic 
portable VCR and camera showed an excellent pic¬ 
ture of the shack. (Everything perfect except the 
color!) 

An old TV set can be given a new lease on life as a 
modern video monitor for the shack at relatively low 
cost. The effort required will depend on the band¬ 
width needed for your application. I hope the princi¬ 
ples presented here will save you a good deal of time 
and frustration as you attack that tube. This project 
is worthwhile for any experimenter on the more mod¬ 
ern modes, such as RTTY, slow or fast-scan TV, or 
computer communications. 


references 

1. D.J. Brown. W9CGI. "CRT Character Enchancer," ham radio, August. 



ham radio 


April 1983 Q9 15 






Morse time synthesis 


This software routine 
lets your micro 
speak the time 
in Morse code 

Talking microcomputers are becoming common 
as more companies develop hardware modules for 
voice synthesis. Most are reasonably priced, starting 
from $100. If you want vocal feedback from your 
computer and need only a vocabulary limited to the 
decimal integers, you might consider a software al¬ 
ternative: voice synthesized telegraphy. 

The program described here synthesizes a 24-hour 
clock which provides an audible read-out in Morse 
code characters. The clock produces Morse charac¬ 
ters for the time in hours and minutes on demand, 
and automatically on the hour. It is especially useful 
to the blind or seeing-impaired. Even to those unfa¬ 
miliar with Morse code, the numerals are easy to 
learn. 

This program was conceived on a single-board 
computer based on the 1802 microprocessor, run¬ 
ning at a frequency of 1.7897725 MHz. The program 


depends upon only a few hardware features: 256 
bytes of RAM, a speaker amplifier on the Q line, and 
a push-button switch on the EF4 external flag line. 
All the routines in the program are straightforward, 
and they can be easily translated into machine code 
for other microprocessors. 

the program 

The main program begins by initializing registers to 
point to subroutines, locations for binary time, BCD 
time, and a table of Morse code patterns. The pro¬ 
gram then enters the time loop (fig. 1). This loop iter¬ 
ates until sixty seconds elapse, at which time binary 
minutes are incremented. During each iteration, the 
program checks to see whether the time has been re¬ 
quested by testing external flag EF4, and it checks to 
see whether sixty minutes have elapsed. In either 
case program control passes to register R3 for the 
out subroutine. The time loop also checks for 
twenty-four hours, at which point the clock is reset 
to 00:00. 

The out routine (fig. 2) is the main subroutine, and 
produces the Morse code characters. It first clears 
the old BCD time. Then, after getting binary hours, 
the program jumps via R4 to the BCD subroutine. On 
return, the program gets binary minutes and again 

By Lawrence G. Souder, IM3SE, 4539 Mana- 
yunk Avenue, Philadelphia, Pennsylvania 19128 
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jumps to the BCD subroutine (fig. 3). Now that the 
program has the time in BCD, control passes to R5 
for the Code routine, which converts the BCD digits 
into Morse characters. On return, program control 
reverts to RO to resume the time loop. 

BCD is a fairly conventional binary-to-BCD sub¬ 
routine which converts by successively subtracting 
ten from the binary value. Every time it subtracts ten, 
it increments the BCD ten's value and retains the dif¬ 
ference as the new binary value. If the subtraction 
yields a negative difference, the previous binary 
value is stored as the BCD one's value. 

For each BCD digit the code subroutine (fig. 4) 
finds the bit pattern which corresponds to the appro¬ 
priate Morse code digit. It then takes this bit pattern 
and ring-shifts it right, into DF (the 1802's carry flag) 
five times. After each shift, the code subroutine tests 


DF. If DF isO, a dot is fetched; if DF is 1, it returns a 

dash. For instance, for the numeral 2 (-) the 

bit pattern fetched from the table will be XXX11100. 
(The higher-order three bits are not used.) The code 
routine will also generate a space between Morse 
digits. 

The routine which produces the tones is called 




fig. 3. Flowchart of the BCD subroutine. 
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r to Binary Hours (OODO) 
r to Binary Minutes (OOD1) 
r to BCD Time (starting with 10's hours at 00D2 
er for Minutes 
er for Seconds 

character counter (low order)/Temporary code storage (high order) 
r to top of table of bit patterns for Morse digits (starting at 00D6) 


RF points to Table of 
digits. 

Load minute count. . 
in RC.O. 

Load second count. . 


If yes, set OUT sub pc 
R3to 0055 and . . . 
gosub OUT. 

Get second count. 

If * 0, go to DECS EC 

Get minute count. 

If * 0, go to SEC agai 
Get binary minutes. 
Increment binary mini 
Store new binary mini 
Have 60 minutes elapt 
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Label Mnemonic Operand 


Comment 


BNZ 
LDI 
STR 
LDN 
ADI 
STR 
SMI 
BNZ 
NOP 
STR 
STR 

GONG LDI 

PLO 
SEP 
BR 

OUT LDI 

STR 
INC 
STR 
INC 
STR 
INC 
STR 
LDI 
PLO 
LDI 
PLO 
LDN 
SEP 
LDI 
PLO 
LDN 
SEP 
LDI 
PLO 
LDI 
PLO 
SEP 
LDI 
PLO 
SEP 

BCD PLO 

SUB10 SMI 

BNF 
PLO 
LDN 
ADI 
STR 
GLO 
BR 

BCDI'S INC 

GLO 
STR 
INC 
SEP 

CODE LDI 

PHI 

DECDEL DEC 

GHI 
BNZ 
GLO 


TIME If not, get another minute. 

00 If yes, clear binary minutes 

RA and . . . 

R9 increment binary hours. 

01 

R9 

18 Have 24 hours elapsed yet? 

GONG If not, output hourly gong. 

R9 If yes, reset time to 00:00 

RA 

55 Set OUT sub pointer R3 

R3 to 0055 and... 

R3 gosubOUT. 

TIME Back to TIME. 

00 Clear BCD 10's Hours. 

RB 

RB Clear BCD I s Hours. 

RB 

RB Clear BCD 10's Minutes. 

RB 

RB Clear BCD 1’s Minutes. 

RB 

D2 Restore BCD Time Pointer RB 

RB to 00D2. 

76 Restore BCD sub pointer R4 

R4 to 0076. 

R9 Get Binary Hours and . . . 

R4 gosub BCD. 

76 Restore BCD sub pointer R4 

R4 to 0076. 

RA Get Binary Minutes and . . . 

R4 gosub BCD. 

D2 Restore BCD Time pointer RB 

RB to 00 D2. 

88 Restore CODE sub pointer R5 

R5 to 0088. 

R5 Gosub CODE. 

D2 Restore BCD Time pointer RB 

RB to 00 D2. 

RO Return to TIME. 

R8 Put Binary in scratch pad R8.0 

OA Subtract 10, 0 from binary. 

BCDI'S Use Binary as BCDI's if result 

R8 <0. Otherwise store result. 

RB and increment BCD 10's. 

01 

RB 

R8 Get new Binary and try to 

SUB10 subtract 10 again. 

RB Since Binary is less than 

R8 10 store it as BCDI's 

RB 
RB 

R3 Return to OUT. 

30 Delay between Morse digits. 

R8 

R8 Decrement delay value. 

R8 

DECDEL Time up yet? 

RB Check to see if the last 
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dot/dash (fig. 5). After the code routine fetches a 
dot or dash, this subroutine generates a tone of prop¬ 
er duration. (A dash is about three times longer than 
a dot.) The dot/dash routine also generates a space 
after each character. This space is a period of silence 
about as long as a dot. 

operation and fine-tuning 

Before running the program, set the clock by en¬ 
tering the time. To do this, convert the hours and 
minutes values to hexadecimal. Then enter the hours 
at location 00D0 and the minutes at location OOD1. 
Mow execute the program from location 0000. The 
program will give the time whenever the EF4 flag is 
activated, and automatically on the hour. 

Although the program should keep accurate time, 
you may have to adjust its speed if your microproces¬ 
sor's clock frequency is different. Do this by varying 
the value at location 0027. Also, you can tune the 
pitch of the tone by changing the values at locations 



fig. 5. Flowchart of the dot/dash routine. 


00B7 and 00BE. You can alter the speed of the Morse 
characters by changing the values for dot, dash, and 
space at locations 00A9, 00AE, and 00C9. Finally, if 
you prefer a twelve-hour format, change the value at 
location 0049 to 0C. 
summary 

The basic feature of this program is the routine 
which converts BCD digits into Morse code charac¬ 
ters, and in this case, the BCD digits represent time. 
However, the same routine with some modification 
could be used where the BCD digits represent some¬ 
thing else, like temperature, pressure, voltage, or re¬ 
sistance. You would need more elaborate hardware 
in these cases, since they involve A/D conversion, 
but any measuring device could be made to talk with 
this method. 

ham radio 
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a state-of-the-art 

Touchtone® decoder 


Using Silicon Systems 
Inc.’s 

single-chip solution 

Silicon Systems inc.'s DTIVtF (dual-tone, multiple 
frequency) decoder 1C is revolutionizing the way 
Amateurs use TouchTones®. With this device, it's 
possible to build a decoder with as few as three ICs, 
and the resulting circuit (see photo) is small, requires 
little power, and is very reliable. 

a brief history 

It wasn't too long ago that every DTMF decoder 
used and built by Amateurs was made with the 
NE567 phase-locked loop-tone decoder. At the time, 
that was the only way to decode dual-tone audio into 
a useful digital signal; it required tedious adjustment 
of a potentiometer for every frequency and that ad¬ 
justment would rarely remain stable when tempera¬ 
ture varied. 

About five years ago, Mostek released a product 
that eliminated all the adjustments and made DTMF 
decoding relatively simple, but rather costly. In the 
Mostek system, the incoming audio signal is split into 
the two components of DTMF (i.e., the high-fre¬ 
quency group and the low-frequency group). These 



two components are then limited and squared before 
being applied to the Mostek DTMF decoder. Al¬ 
though the cost of the splitting filters is high, this re¬ 
mains a superior system to multiple 567s, as the 
dynamic range is tremendously improved and no 
adjustments are necessary. 

The next logical step in DTMF decoders was to put 
the filters, limiters, and squarers on the same chip as 
the decoder. This was accomplished by Silicon Sys¬ 
tems Incorporated (SSI) with their SSI201, a single¬ 
chip solution that requires only two small bypass ca¬ 
pacitors and a 3.58 MHz color-burst crystal. 

operation of the decoder 

The major problem was to incorporate rather large 
capacitors and resistors needed for the filters onto 
the silicon chip. The largest size capacitor that can be 
integrated onto a chip is about 100 pF, and even this 
size requires a large area. Large resistors are not 
realizable for the same reason. However, a small ca¬ 
pacitor can be made to perform, electrically, like a 
large resistor. 

Fig. 1 illustrates the principle of a switched capaci¬ 
tor to realize a large resistor. At time zero, the capaci¬ 
tor is connected to voltage Vi and the capacitor 
charges toward the value Q = CFj. At some later 
time, t c . the capacitor is switched to voltage V2 and 
the value of the charge is Q. = CV 2 - The equations in 
the figure show the mathematics used to manipulate 
the values; the last equation is the most interesting: 
R = 1/Cf c , in other words, a large resistor can be 
made (electrically) by just using a small capacitor and 
switching it between voltages at a very fast rate! 

This led to the development of the switched-ca- 
pacitor filtering used in the SSI201 DTMF decoder. 
(MOS transistors are used as the switches.) 

The block diagram of the entire decoder is shown 
in fig. 2. As in the multiple-chip Mostek system, the 
audio is first split into upper and lower bands. These 
signals are further filtered to determine the two tones 
present. Next, the output-decoder circuitry converts 
this information to digital form, and produces BCD 
(binary-coded decimal), or optional 2-of-8 outputs. A 
3.579545 MHz color-burst crystal is used for the fre¬ 
quency references as well as for the switched-capac- 
itor filter networks. 

By Mark Forbes, KC9C, 1000 Shenandoah 
Drive, Lafayette, Indiana 47905 
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fig. 3. Schematic diagram of the author's completed decoder circuit. The CMOS signals are all 12-volt levels, so a con¬ 
verter is needed if the decoder must drive TTL. 


the complete circuit 

To make the SSI201 easier to interface to remote- 
control and repeater circuits, I have added two 1C 
and four LEDs in this DTMF decoder design. The 
schematic diagram is shown in fig. 3. Audio input is 
coupled to the SSI201 through a 0.1 fiF disk capaci¬ 
tor. The BCD output of the decoder is further decoded 
into individual "tone-pad" digits by an MCI4514B 4- 
to-16 line demultiplexer. 

One useful signal available from the decoder is the 
DV (data valid) signal. This signal goes high when 
the output data is in a predefined window of time, 
and is useful in determining when to sample the out¬ 
puts of the MC14514 (although these outputs are 
latched, so the last data remains on the outputs until 
new data is presented). 

As a convenience, LEDs that show the binary value 
of the decoded output, are included (note: the values 
for *, 0, and tt are 11, 10, and 12, respectively). A 
CMOS 4049 inverting buffer is used to drive the LEDs 
and remove the load from the SSI201. 

All the ICs in the project are powered from 12 Vdc. 
A note of caution here — the SSI201 requires 12 
volts and not 13.8 volts as found on many power 
supplies. A small 1C voltage regulator will provide the 
proper 12 volts if you don't have such a power supply 
(an LM340-12 is one such regulator). If the outputs 
are to be interfaced to 5-volt logic such as TTL, a 



The DTMF decoder circuit. 


voltage converter circuit such as that shown in fig. 4 
can be employed. 

Construction of the circuit is very simple, using the 
printed circuit artwork provided in fig. 5. All that is 
necessary is to solder the ICs and apply 12 volts. 
Sockets are recommended to keep the heat of sol¬ 
dering off the ICs and to facilitate replacement 
should any of the components fail. 

applications 

The applications of a DTMF decoder seem almost 
limitless, especially when no adjustments are neces- 
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sary. The most obvious application is in repeater con¬ 
trol. This circuit is highly reliable and not subject to 
degradation by temperature or variation of signal 
levels. These features, coupled with the compact 
size of this circuit, make it perfect for use in re¬ 
peaters. 

A reliable circuit like this one also opens the door 
to an underexplored facet of Amateur radio: remote 
control. Remote control of more than just repeaters 
is allowed by the FCC. In fact, almost anything can 
be remotely controlled via Amateur radio. Types of 
applications include remote HF stations, models, or 
even your house lights. 

Another good use of the DTMF decoder is in auto¬ 
patch circuits. Most autopatches couple the DTMF 
tones directly to the telephone line from the receiver. 




table 1. Parts and Prices List. 



part description 

source 

price 

1C 1 SSI201 DTMF decoder 

SAI Marketing* 

60.00 

1C 2 4049 inverter 

Digikey 

0.47 

1C 3 MC14514 I4574B) 

Digikey 

1.99 

LED 1 -4 Light Emitting Diodes 

Radio Shack 

4 for 1.58 

Cl 0.1 uF disk capacitor 

Radio Shack 

2 for 0.49 

C 2,3 0.01 uF disk capacitor 

Radio Shack 

2 for 0.39 

R 1 10 Megohm resistor 

Radio Shack 

2 for 0.19 

XI 3.579545 MHz crystal 

Radio Shack 

1.99 

PCB printed circuit board 

Author 

8.50 


Total Cost 

67.10 


Total w/PCB 

75.60 

Note: Complete parts kits are avail 

able from the author for $75.60 


ICs and/or PCB 

nay be pur- 

chased individually at the list! 

d price plus $1.00 shipping. 

•The address of SAI Marketing is: 



lor, 5610 CrawfordsviHe Road, Indianapolis, Indiana 46224. 


This results in two things: the user needing to adjust 
his TouchTone pad to tight telephone company 
specifications, and frequently misdialed numbers. By 
decoding the signal first, then re-encoding with a 
DTMF generator chip, the telephone line will always 
have a perfect and precise tone for dialing. And, with 
the wide dynamic range of the SSI201, adjustment of 
the user's tone pad is almost never necessary. An 
additional problem can also be solved: in areas where 
DTMF dialing is not yet available, a pulse dialer chip in 
conjunction with the SSI201 can provide autopatch 
functions. 

conclusion 

The parts list in table 1 gives the price and availa¬ 
bility of each of the parts at the time of writing. Addi¬ 
tionally, I have complete parts kits available for the 
prices shown, so there should be no trouble in find¬ 
ing all the necessary parts. 

The SSI201 is, in my opinion, the best DTMF de¬ 
coder introduced to date. The Amateur press seems 
to be behind in the DTMF decoder field. In fact, one 
book on repeaters published in 1980 still showed 567 
circuits for decoding DTMF. The switched capacitor 
has revolutionized the DTMF scene, and will soon 
find its way into other areas. 
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remote control hf operation 


An Apple II and Collins KWM-380 
talk to each other 
via the telephone 


L|~sH 

CODE CONV 

H“| 

\ \ REMOTE CONTROL \ I 

— —— f 

° j ANSWER UNIT 

-1 j 

fig. 1. High-frequenc 
diagram. 


ontrol system block 


You can have remote high-frequency radio opera¬ 
tion from a TouchTone™ telephone. In this article I 
explain this design, including the interface used to 
control the radio and computer; the interface plugs 
into the radio and computer without modification to 
either. A remote operator can thereby use a tele¬ 
phone to turn on and off primary power; use a pri¬ 
vate access code; tune the radio to any discrete fre¬ 
quency or scan up and down; transmit; and have 
optional fm radio capability. The interface has a safe¬ 
ty shutdown feature in case the power or telephone 
is interrupted. 

The remote system is illustrated by the block dia¬ 
gram in fig. 1. The center of the system is the inter¬ 
face control, which includes a phone patch, a dual 
tone multi-frequency (DTMF) decoder, audio amplifi¬ 
ers, and control logic. I use a Rockwell-Collins 
KWM-380 transceiver with the control interface op¬ 
tion, and an Apple II Plus microcomputer with an 
eight-bit input/output card. A regular phone-answer¬ 
ing unit detects the telephone ring. A ring-detection 
circuit could be incorporated into the interface con¬ 
trol, but I prefer having a tape recorder tied to the 
system for logging. A twelve-button TouchTone™ 
keypad provides local control. A primary power 
relay, that includes transient protection, turns on the 
KWM-380 and the Apple. The phone-answering unit 
and interface control remain on at all times. An inter¬ 
face device that connects between the Apple's game 
port and the KWM-380's frequency-control interface 
connector provides frequency control. An optional 
fm audio-decoder is also included to provide addi¬ 
tional system control and operation from a VHF/UHF 
fm radio. 

By Dick Sander, K5QY, 110 Starlite Drive, 
Plano, Texas 75074 
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The frequency-control circuitry is in a case that 
contains the KWM-380’s sixteen-button keypad. The 
case also contains a switch that selects +5 volt 
power from either the radio or the Apple. There are 
two reasons for interfacing the frequency control 
separately: the first is that this portion can be a sep¬ 
arate project; and the second is that fewer parts are 
required to build an interface compared to an I/O 
card to insert into one of the Apple's card slots. The 
purpose of the interface device is to convert the four 
binary-outputs and strobe available from the Apple's 
game port to an eight-bit two-of-eight code required 
by the KWM-380 (see fig. 2 for the schematic dia¬ 
gram of the frequency interface). The output of each 
74259 decoder is tied directly with the sixteen-button 
keypad to allow frequency input to the radio while 
the Apple is running. The negative strobe of the 
Apple triggers a 74121 one-shot and clocks the data 
into the radio. If only frequency control from the 
Apple II is going to be used, lines 2000 through 2650 
of the program listing form a routine for operating 
only frequency control for the KWM-380; delete lines 
2030 through 2070 and replace them with a GET F 
statement from the keyboard. 

The remote control interface is the heart of the 
system; fig. 3 is its functional block diagram and fig. 
4 is its schematic. The phone-answering unit has an 
earplug that I use to connect the telephone audio to 
the interface control. After the unit hooks onto the 
telephone line and sends its outgoing message, it 



fig. 3. High-frequency remote-control functional block 
diagram. Each relay function is shown as a dotted line 
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allows twenty seconds for an incoming message. 
During this time you must access the system. The in¬ 
coming audio is tied through the normally closed 
contacts of relay K1B directly to U5, a 741 opera¬ 
tional-amplifier. 112 is an SSI 201 OTMF CMOS re¬ 
ceiver that decodes the incoming audio tones, and 
U3, a CMOS-to-TTL buffer that passes the data to 
the eight-bit TTL input of the Apple's I/O card. If the 
proper access code is present, the output of the 
Apple pulls in relay K1 and connects the telephone 
line to the phone patch. The answering unit will drop 
off by now. 

The phone patch contains a transformer-type hy¬ 
brid with a balancing network. The hybrid transform¬ 
ers that I used were surplus, and no part number is 
available; the builder must decide upon his own 
transformers. I'm using a 1-kilohm pot for null adjust¬ 
ment. Some situations may require some series 
capacitance to null out the telephone line induc¬ 
tance; the system will not work without proper bal¬ 
ance. The DTMF decoder requires at least a 12-dB 
signal-to-noise ratio, which is why a null is important. 
An AGC amplifier is needed to maintain a constant 
level to the hybrid. If you were to measure the output 
of your receiver, you would find the audio level varies 
by as much as 20 dB. Fig. 5 is the schematic diagram 
of the AGC amplifier I'm using. It uses an SL1626 
voice-operated gain adjusting device (VOGAD) that 
drives a simple 2N2222 transistor amplifier. The out¬ 
put is extremely constant and maintains proper audio 
level. Because the VOGAD operates at low levels, re¬ 
sisting dividers are used to reduce the input to the 
proper levels. The AGC amplifier controls only out¬ 
going audio, which includes the hf received, the 
beeps, and possibly a voice synthesizer. Throughout 
the program, beeps from the Apple's speaker tell the 


operator where he is during operation. For connect¬ 
ing audio to the system, I couple to the Apple using a 
0.47-jttF capacitor wrapped between the audio high 
side of the speaker connector and the interface. For 
audio low, I connect the grounds together. In the 
Apple, the speaker is dc-coupled to + 5 volts, so be 
careful when connecting to the Apple's speaker con¬ 
nector (refer to the Apple II reference manual). 
Incoming audio (tones and voice) from the phone 
line via the hybrid, the local TT keypad, and optional 
fm control go to U5, the audio mixer. The output of 
U5 goes to the DTMF decoder and to the KWM-380 
transmit audio. 

The control-logic portion of the interface control 
consists mainly of a timer, a latch, and four control 
relays. Timer U4, a 555, stays on for one and one-half 
minutes. It is reset from the data valid (DV) output of 
U2. If there isn't any key activity before timeout, 
relays K1 (phone line) and K2 (transmit/receive) drop 
off. Latch U1, a 4001 quad NOR gate, enables relay 
K4 (primary power) and turns on the radio and 
Apple. A shut-off command from data-out 5 causes 
relay K4 to drop out when U4 times out, and the 
radio and the Apple will turn off. Relay K3 mutes the 
high-frequency-received audio when a command 
from data-out 4 appears. Muting is used when you 
wish to hear only the beep or voice synthesizer (if 
used). Relay K2 is the transmit key relay; it sends a 
ground to the KWM-380's keyline and maintains a 
600-ohm load across the input side of the hybrid dur¬ 
ing transmit. Table 1 gives a detailed description of 
each data line and its address (I/O card in slot 4) from 
BASIC. 

Fig. 6 is the schematic for the primary power- 
relay. It contains varistor transient suppressors and 
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table 1. This table lists the I/O data lines used to interface the KWM-380 and 
Apple II and gives a description and address from BASIC of each. 


data 

line 



out 3 





computer 
address (slot 4) 

description from BASIC 

Parallel eight-bit binary input, PEEK (50176) 

MSB is data valid (DV) 


Pulls in transmit/receive relay K2 

Pulls in telephone relay K1 

Sets input bit to latch U1C 
and DID to turn off primary 
power relay K4 

Pulls in high-frequency receiver mute relay K3 

Resets the fm decoder 
Future control to be used to 
change the KWM-380 mode, between 
USB, LSB, and CW 


POKE 49359,1 
POKE 49351,0 
POKE 49358,1 
POKE 49350,0 
POKE 49347,0 
POKE 49355,1 

POKE 49356,1 
POKE 49348,0 
POKE 49349,0 


off 

off 


AN0 

AN 1 Parallel four-bit binary 

code to the two-of-eight 
AN2 code converter to drive 

the KWM-380 

AN3 

STROBE Clocks data into the KWM-380 


POKE 49241,0 on 

POKE 49240,0 off 

POKE 49243,0 on 

POKE 49242,0 off 

POKE 49245,0 on 

POKE 49244,0 off 

POKE 49247,0 on 

POKE 49246,0 off 

PEEK (-16320) 


an EMI filter. These aren't necessary, but I had them 
in my junk box, so I used them. Power is switched on 
when K4 supplies + 12 volts to relay K1, located in 
the primary power-relay box. When the system is on 
and I'm away from home, I feel secure knowing there 
is some protection. Not shown is a 115-Vac antenna 
change-over relay that grounds the input to the re¬ 
ceiver when power is off; when power is on, the 
antenna is ungrounded. The power supply uses 7812 
and 7805 voltage regulators. The entire interface 
control operates from + 12 volts and +5 volts. Fig. 7 
is the diagram of the interconnection between the in¬ 
terface control and the Apple's eight-bit I/O card. An 
optional goodie is the fm audio-decoder, whose 
schematic is shown in fig. 8. It allows direct access 
to the computer through the DTMF decoder via fm 
radio. This is used in case you want to operate re¬ 
motely from VHF or UHF. The tone decoders are 
567s and can be adjusted to detect any dual tone; I'm 
using tones from my keypad. It is activated by hold¬ 
ing the proper key for eight seconds; both the tele¬ 
phone and fm radio operate the system, or the fm 
radio can operate alone. A command from data-out 3 
resets the decoder (turns the fm audio off). 
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system operation 

For testing, replace the telephone line with a 900- 
ohm resistor to provide balance to the hybrid. Fig. 9 
is the BASIC program. The program as listed will not 
auroboot; after the program is typed in and saved, in¬ 
sert a new disk and type: INIT HELLO. Apple DOS 
will create an autoboot disk. If the radio and Apple 
are off, push the digit 6 on the local TT keypad for 
five seconds. This allows U1A to charge the 10-^F 
delay capacitor to set latch U1C and U1D and enable 
relay K4. System power will now be on. Line 70 is the 
three-digit access code; this can be changed at will. I 
use 789 in this program. 

* Enter the access code and the program menu, 
which give prompts to each of the functional 
subroutines that will appear. This portion of the pro¬ 
gram is lines 400 through 540. There are six 
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subroutines, each of which can jump to its particular 
function when called. Lines 7000 through 7050 show 
how the Apple gets incoming data that is not from 
the keyboard. 

For the Mute subroutine, enter 1; one beep 
sounds. This allows the # key to silence the 
KWM-380 or * key to return the audio. The subrou¬ 
tine will automatically return to the menu. 

For the Frequency Enter subroutine, enter 2; two 
beeps sound. This subroutine allows the operator to 
enter any frequency. A * is used for the decimal 
place and / loads the KWM-380 and returns to the 
menu. An example for entering 14.225 MHz is 
14*225#. 

For the Scan subroutine, enter 3; three beeps 
sound. Entering 1 makes the radio scan up. Entering 
2 stops the radio from scanning. Entering 3 starts the 
radio scanning down. Entering * bumps the radio up 
7 kHz; 7 bumps it up 100 Hz. Entering t bumps the 
radio down 1 kHz; 9 bumps it down 100 Hz. To return 
back to the menu, enter 0. 

For the Control Option subroutine, enter 4; four 
beeps sound. The Control Option subroutine allows # 
to reset the fm radio or * to shut off the primary 
power after you exit the program. This subroutine 
automatically returns to the menu. 

fig. 9. BASIC program listing. 

10 HONE t VTAB 12 

20 PRINT * ««< REHOTE CONTROL >»»* 

JO HTAB lOt PRINT "WRITTEN BY DICK BANDER’ 

35 POKE 49358,1 
40 FOR 0 » 1 TO 50t NEXT 0 
45 CALL - 198 
50 POKE 49350,0 
52 HONE 

54 REN UNKEYiPOKE 49357,1 

56 POKE 49356,It POKE 49347,0 

60 PRINT ’INPUT ACCESS COOE 13 0I6IT8J’ 

70 A! » 7»AY » BtAZ ■ 9 

75 PRINT t PRINT ’ACCESS CODE ISi’i PRINT t PRINT 
80 PRINT AX,AY,A2 
90 60SUB 7000 

100 IF B < AI OR B > AX THEN BOTO 90 
110 80SUB 7000 

120 IF B < AY OR B > AY THEN SOTO 90 
130 80SUB 7000 

140 IF B < AZ OR B > A2 THEN SOTO 90 

150 POKE 49358,1 

160 POKE 49357,1 

170 REN NUTEiPOKE 49356,1 

180 REN PNR OMtPOKE 49347,0 

400 REN MENU 

410 HONE 

420 VTAB 3l HTAB 18t PRINT ’NENU’t PRINT 
430 PRINT i HTAB 10 


440 PRINT ‘1. ENABLE RECEIVER* 

450 PRINT : HTAB 10 

460 PRINT ’2. ENTER FRE0UENCY’ 

470 PRINT i HTAB 10 

480 PRINT ’3. SCAN FREfiUENCV" 

490 PRINT j HTAB 10 

500 PRINT ’4. CONTROL OPTIONS’ 

510 PRINT i HTAB 10 
520 PRINT *5. TRANSHIT’ 

530 PRINT t HTAB 10 
540 PRINT ’6, EXIT” 

690 A > PEEK (50176) 

700 IF A < 128 THEN 690 

710 A ■ A - 128 

720 IF A « 10 THEN A ■ 0 

730 IF PEEK (50176) > 127 THEN 730 

740 IF A < 1 OR A > 6 THEN CALL - 198t SOTO 690 

750 IF A ■ 1 THEN SOTO 1000 

760 IF A > 2 THEN BOTO 2000 

770 IF A • 3 THEN SOTO 3000 

780 IF A > 4 THEN SOTO 4000 

790 IF A > 5 THEN SOTO 5000 

300 IF A » 6 THEN BOTO 6000 

1000 REN ENABLE RCVR 

1010 CALL - 198 

1020 HONE t PRINT ’f ENABLES RCVR - I DISABLES RCVR ’ 
1030 80SUB 7000 

1040 IF B ■ 11 THEN POKE 49356,It CALL - 198t BOTO 410 

1050 IF B ■ 12 THEN POKE 49348,Oi BOTO 410 

1060 IF B > 12 THEN SOTO 1000 

1070 IF B < II THFN BOTO 1000 

2000 REN INPUT FREQUENCY 

2010 CALL - 198i CALL - 198 

2020 HONE I PRINT ’ENTER FREBUENCY* 

2025 SFI - ” 

2030 F > PEEK (50176) 

2040 IF F < 128 THEN 2030 

2050 F - F - 128 

2060 IF F » 10 THEN F » 0 

2070 IF PEEK (50176) > 127 THEN 2070 

2080 IF F • 0 THEN B0SUB 2250tSFI ■ SFI ♦ ’O’ 

2090 IF F ■ 1 THEN S0SUB 22B0i8F» ■ SF* ♦ *1* 

2100 IF F ■ 2 THEN S0SUB 2J10i8FI » SF* ♦ ’2’ 

2110 IF F * 3 THEN 60SUB 2J40tSF« * SF* ♦ *3* 

2120 IF F ■ 4 THEN 80SUB 2370i8F* » SFI ♦ ’4’ 

2130 IF F « 5 THEN 60SUB 2400tSFI ■ SFI ♦ ’5’ 

2140 IF F ■ 6 THEN B0SUB 2430tSF» » SFI ♦ '6* 

2150 IF F ■ 7 THEN S0SUB 2460»8Ft ■ SFI ♦ ’7’ 

2160 IF F ■ 8 THEN S0SUB 2490tSFI ■ SFI ♦ *8* 

2170 IF F ■ 9 THEN S0SUB 2520tSFI « SFI ♦ ’9’ 

2180 IF F ■ 11 THEN 80SUB 2580tSFI * SFI ♦ *.* 

2190 IF F ■ 12 THEN 80TD 2220 
2200 PRINT F 
2210 SOTO 2030 
2220 80SUB 2550 
2230 60T0 400 




2240 60T0 2030 

2250 POKE 49241,Oi POKE 49242,Oi POKE 49245,Oi POKE 49247,0 
2260 BOSUB 2610 
2270 RETURN 

2280 POKE 49240,01 POKE 49242,Oi POKE 49244,Oi POKE 49246,0 
2290 BOSUB 2610 
2300 RETURN 

2310 POKE 49241,01 POKE 49242,Oi POKE 49244,Ot POKE 49246,0 
2320 SOSUB 2610 
2330 RETURN 

2340 POKE 49240,01 POKE 49243,Ot POKE 49244,Ot POKE 49246,0 
2350 BOSUB 2610 
2360 RETURN 

2370 POKE 49240,01 POKE 49242,Ot POKE 49245,Ot POKE 49246,0 
2380 BOSUB 2610 
2390 RETURN 

2400 POKE 49241,01 POKE 49242,Ot POKE 49245,Ot POKE 49246,0 
2410 BOSUB 2610 
2420 RETURN 

2430 POKE 49240,0t POKE 49243,Ot POKE 49245,Ot POKE 49246,0 
2440 SOSUB 2610 
2450 RETURN 

2460 POKE 49240,Ot POKE 49242,Ot POKE 49244,Ot POKE 49247,0 
2470 BOSUB 2610 
2480 RETURN 

2490 POKE 49241,01 POKE 49242,Ot POKE 49244,Ot POKE 49247,0 
2500 BOSUB 2610 
2510 RETURN 

2520 POKE 49240,01 POKE 49243,Ot POKE 49244,Ot POKE 49247,0 
2530 BOSUB 2610 
2540 RETURN 

2550 POKE 49240,01 POKE 49243,Ot POKE 49245,Ot POKE 49247,0 
2560 SOSUB 2610 
2570 RETURN 

2580 POKE 49240,Ot POKE 49242,Ot POKE 49245,Ot POKE 49247,0 
2590 BOSUB 2610 
2600 RETURN 

2610 REN STROBE ROUTINE 
2620 12 ■ PEEK ( - 16320) 

2650 RETURN 
3000 REN SCAN FRED 

3125 CALL - 198t CALL - 198t CALL - 198 
3130 HONE t PRINT ’STARTINS FREQUENCY? 1 
3135 PRINT t PRINT 

3140 HONE t VTAI 24i HTAI 20t PRINT SFI 

3145 VTAB 5t HTAB 10 

3150 PRINT 'PUSH I TO INCREASE FREQUENCY' 

3155 VTAB 7t HTAB 10 

3160 PRINT 'PUSH 2 TO STOP SCANNING* 

3165 VTAB 9t HTAB 10 

3170 PRINT 'PUSH 3 TO DECREASE FREQUENCY' 

3175 PRINT t PRINT 
3180 T > PEEK (50176) 

3185 IF T < 12B THEN 3180 

3190 T ■ T - 128 

3195 IF T ■ 10 THEN T ■ 0 


3200 IF T > I THEN BOTO 3225 

3205 IF T « 2 THEN BOTO 3IB0 

3210 IF T ■ 3 THEN BOTO 3285 

3211 IF T ■ 7 THEN BOTO 3750 

3212 IF T ■ 9 THEN BOTO 3750 

3213 IF T » 11 THEN BOTO 3750 

3214 IF T > 12 THEN BOTO 3750 

3215 IF T ■ 0 THEN CALL - 198t BOTO 410 

3220 IF T > 3 THEN CALL - 198i BOTO 31B0 

3225 REN SCAN UP 

3230 X • VAL (SFI) 

3235 Y ■ I ♦ 100 

3240 FOR U ■ X TO Y STEP .00030 
3245 REH CHECK FOR NEK KEY 
3250 IF PEEK (50176) ( 12B THEN 3260 

3255 IF PEEK 150176) - 128 « 2 THEN HONE t CALL - 19Bt BOTO 3140 

3260 VTAB 20: HTAB 10 

3265 PRINT UtJ - Ut SOSUB 3695 

3270 SFI > STRI (U) 

3275 NEXT U 

32B0 SOTO 3140 

3265 REN SCAN DONN 

3290 X * VAL (SFI) 

3295 Y - X - 100 

3300 FOR ON * X TO Y STEP - .00030 

3305 REN CHECK FOR STOP KEY 

3310 IF PEEK (50176) < 128 THEN SOTO 3320 

3315 IF PEEK 150176) - 128 - 2 THEN HONE t CALL - 198t BOTO 3140 

3320 VTAB 20: HTAB 10 

3325 PRINT DNtJ - DNt BOSUB 3695 

3330 SFI - STRI (DN) 

3335 NEXT DN 

3340 BOTO 3140 

3345 FOR I • 1 TO 9 

3350 IF I - 1 THEN IF LEFTS (Cl,l> - THEN Bl > 'O't BOSUB 3375 

3355 Bl - NIDI (C!,!,l)i SOSUB 3375 

3360 IF Bl ■ *E* THEN 3370 

3365 NEXT I 

3370 RETURN 

3375 K > VAL (Bl) ♦ I 

3380 IF K < ) 1 THEN 3395 

3385 IF Bl » '0* THEN 3395 

3390 BOTO 3405 

3395 ON K BOSUB 3440,3455,3470,3465,3500,3515,3530,3545,3560,3575 
3400 RETURN 

3405 IF Bl - 'A* THEN 60SUB 3590 

3410 IF Bl « *B* THEN BOSUB 3605 

3415 IF Bl - 'C THEN BOSUB 3620 

3420 IF Bl > *D* THEN SOSUB 3635 

3125 IF Bl - 'E' THEN 60SUB 3650 

3430 IF Bl-*. 1 THEN BOSUB 3665 
3435 RETURN 

3440 POKE 49241,01 POKE 49242,Ot POKE 49245,Ot POKE 49247,0 
3445 BOSUB 3680 
3450 RETURN 

3455 POKE 49240,0i POKE 49242,Ot POKE 49244, Ot POKE 49246,0 
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3460 80SUB 3680 
3463 RETURN 

3470 POKE 49241,01 POKE 49242,Oi POKE 49244,Oi POKE 49246,0 
3473 BOSUB 3680 
3480 RETURN 

3483 POKE 49240,01 POKE 49243,Oi POKE 49244,Oi POKE 49246,0 
3490 BOSUB 3680 
3495 RETURN 

3500 POKE 49240,0t POKE 49242,Oi POKE 49245,Oi POKE 49246,0 
3503 BOSUB 3680 
3510 RETURN 

3515 POKE 49241,01 POKE 49242,Oi POKE 49245,Oi POKE 49246,0 
3520 BOSUB 3680 
3525 RETURN 

3530 POKE 49240,01 POKE 49243,0: POKE 49245,0: POKE 49246,0 
3535 BOSUB 3680 
3540 RETURN 

3545 POKE 49240,0: POKE 49242,0: POKE 49244,0: POKE 49247,0 
3550 BOSUB 3680 
3555 RETURN 

3560 POKE 49241,0: POKE 49242,0: POKE 49244,0: POKE 49247,0 
3565 BOSUB 36B0 
3570 RETURN 

3575 POKE 49240,0: POKE 49243,0: POKE 49244,0: POKE 49247,0 
3580 BOSUB 36B0 
35B5 RETURN 

3590 POKE 49241,0: POKE 49243,0: POKE 49244,0: POKE 49246,0 
3595 BOSUB 3680 
3600 RETURN 

3605 POKE 49241,0: POKE 49243,0: POKE 49245,0: POKE 49246,0 
3610 60SUB 3680 
3615 RETURN 

3620 POKE 49241,0: POKE 49243,0: POKE 49244,0: POKE 49247,0 
3625 BOSUB 3680 
3630 RETURN 

3635 POKE 49241,0: POKE 49243,0: POKE 49245,0: POKE 49247,0 
3640 BOSUB 36B0 
3645 RETURN 

3650 POKE 49240,0: POKE 49243,0: POKE 49245,0: POKE 49247,0 
3655 BOSUB 3680 
3660 RETURN 

3665 POKE 49240,0: POKE 49242,0: POKE 49245,0: POKE 49247,0 
3670 BOSUB 3680 
3675 RETURN 

3680 REN BTROBE ROUTINE 
3685 22 ■ PEEK I - 16320) 

3690 RETURN 

3695 CD ■ 8TR« (J) * '000000000' 

3700 IF J < 1 THEN I * 6: SOTO 3715 
3705 IF J < 10 THEN I « 7: SOTO 3715 
3710 I ■ 8 

3715 Cl ■ LEFT! (CD,I) ♦ '£' 

3720 BOSUB 3345 
3725 RETURN 

3750 REN BUDP FREO UP OR DONN 
3755 ST ■ VAL ISFI) 


3760 IF T ■ 11 THEN 01 • .001 

3765 IF T • 12 THEN DL » - .001 

3770 IF T ■ 7 THEN DL ■ .0001 
3780 J ■ ST ♦ DL 

3785 SFI • STRI IJ) 

3790 BOSUB 3695 
3*95 60T0 3140 
4000 REN CONTROL OPTIONS 

4010 CALL - 198: CALL - 19B: CALL - 198: CALL - 198 

4020 HONE 

4025 PRINT 'CONTROL OPTIONS:': PRINT : PRINT 

4027 PRINT ' ENTER I TO NUTE FN RADIO* 

4028 PRINT ' ENTER « TO SHUT OFF PONER' 

4030 BOSUB 7000 

4105 IF B ■ 11 THEN 80T0 4110 

4107 IF B ■ 12 THEN SOTO 4140 

4109 IF B < 11 THEN SOTO 400 

4110 POKE 49349,0 

4120 FOR D * 1 TO 10: NEIT D 

4130 POKE 49357,1 

4135 CALL - 19B: SOTO 400 

4140 POKE 49355,1 

4170 CALL - 198: SOTO 400 

5000 REH ENABLE XHTR 

5010 CALL - 198: CALL - 198: CALL - 19B: CALL - 198: CALL - 191 

5020 HONE : PRINT 'I KEYS INTR - I UNKEYS INTR* 

5030 60SUB 7000 

5040 IF B < 11 THEN POKE 49351,0: CALL - 198: BOTO 410 

5050 IF B « 11 THEN BOSUB 5090 

5060 IF B « 12 THEN BOSUB 5120 

5070 IF B > 12 THEN BOTO 410 

5080 IF B ■ 11 THEN 5020 

5085 IF 8 ■ 12 THEN 5020 

5090 HONE 

5100 POKE 49359,1 

5110 RETURN 

5120 HONE 

5130 POKE 49351,0 

5140 RETURN 

6000 REN EXIT 

6010 REN DISCONNECT RCVR i> PHONE 

6020 POKE 49350,0 

6030 REN UNKEY INTR 

6040 POKE 49351,0 

6050 REN 10 NH2 NNV 

6060 BOSUB 2280 

6070 BOSUB 2250 

6080 BOSUB 2580 

6090 BOSUB 2550 

6100 SOTO 75 

7000 B « PEEK (50176) 

7010 IF B < 128 THEN 7000 

7020 B • B - 12B 

7030 IF B - 10 THEN B > 0 

7040 IF PEEK (50176) > 127 THEN 7040 

7050 RETURN 
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'Two great 
ways to get _ 
Q5 copy d 

Ask: ^ 

G4HUW KB5DN WA4FNP WD5DMP 
KJ2E K61MV WD4BKY WD8QHD 
K4XG K8MKH WD4CCI WB9NOV 
KA4CFF KB0TM WD4CCZ WD9DYR J 
KA5DXY W4YPL W5GAI J 

444D SSB/FM J 

Base-Station Microphone m 

,Shure's most widely used base- 
station microphone is a ham H 

favorite because it really helps 
you get through...with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOX/NORMAL switch 
and continuous-on 
capability make 

the 444D easy . 

to use even f £v 

under tough 

conditions. If 
you’re after 
more Q5's, you 
should check 


FREE! Amateur 
Radio Micro¬ 
phone Selector 
Folder. Write 
for AL645. ^ 


^ 526T Series II 

■ SUPER PUNCH’ 

■ Microphone 

V Truly a microphone 
and a half! Variable out¬ 
put that lets you adjust the 
level to match the system. 
The perfect match for 
virtually any transceiver 
l made, regardless of 
L impedance. Turns 

I mobile-NBFM unit into 

■ an indoor base station! 
B Super for SSB 

■ operation, too. These 

■ and many other 

f eatu res make the 

■ 526T Series II a 
must-try unit. 


SHUi^E 

THESOUND OF THE PROFESSIONALS ...WORLDWIDE j 



This picture shows the primary power relay. Note the tran¬ 
sient protection varistors and rfi filter. Relay K4. located in¬ 
side the remote interface, controls power relay K1. See fig. 
6 for its schematic. 


For the Transmit subroutine, enter 5; five beeps 
sound. Entering * keys the transmitter; # unkeys the 
transmitter. Any digit will return to the menu. 

For the Exit subroutine, enter 6; the interface con¬ 
trol will disconnect the telephone line, tune the radio 
to WWV, and wait for another call; and turn off 
power if the control option sets power to off. 

There are several smaller projects within this proj¬ 
ect. I have just touched on each, but I feel there is 
enough information here to reconstruct my system. 
The program listing does not contain any voice syn¬ 
thesizer coding; my system does, and it also contains 
the proper card. I use the voice talker to echo back 
the frequency after I've entered it, or when I stop 
scanning. 

The system described in this article works reliably 
without a voice synthesizer. The KWM-380's remote 
interface allows frequency control only; so for now, I 
only operate 10/15/20 meters USB with the antenna 
connected to my tri-band beam. Fortunately, the en¬ 
gineers at Collins left the door open for full remote- 
control. 

I'd like to mention what the future holds for this 
system. I will add mode selection for the KWM-380, 
to switch USB, LSB, or CW, along with the proper 
filter and passband tuning. Also, as an addition to 
this system or as a stand-alone project for the Apple, 

I will have an interface to my rotator for beam-head¬ 
ing control. 

I really enjoy operating during my breaks at work; 
so far I've worked about twenty countries remotely. 
I've found one DX-pedition by using the scan mode. 

I would also like to thank Tom McDermott, N5EG, 
for his technical assistance in this project. 

ham radio 





for your peace of mind. 

Determine the total wind-load area 
of your antenna(s), plus any 
antenna additions or upgrading 
you expect to do. Now, select the 
matching rotator model from 
the capacity chart below. If in 
doubt, choose the model with the 
-next higher capacity. You'll not 
only buy a rotator, you'll buy 
peace of mind. 




Full details at better Amoteur dealers or write: 

telex hygaln 

TELEX COMMUNICATIONS, INC 


technical forum 



diesel generator repair 

Our organization has a govern¬ 
ment-surplus 10-kW diesel generator 
in need of repair. The battery re¬ 
charging circuitry has been complete¬ 
ly destroyed. The unit bears the fol¬ 
lowing markings and information. 

Unit markings: 

Fermont Engine Generator plant 

Division Dynamics Corp. of 
America 

Bridgeport, Conn. 

Model # J-141-1 Contract 0J-141 

Serial # J-141-0018 
10 kW 12.5 KVA 

PF .80 120/208 V 35 A 

60 cy. 3 phase 1800 RPM 
Temp, rise 70° 

Generator markings: 

General Electric H 
LC7470B16 Type 6J 

Model H 5SJ4254P22Y12 Figure 2 
generator 

Dia/cen. 2261 Frame 254Y 
Damaged unit markings: 

Fermont if 6064-0001 

Please contact us if you have a unit 
like this. We are in great need of any 
schematics, manuals, or other infor¬ 
mation on this unit, and will gladly 
make arrangements to obtain copies 
of this information. 

The Division of Disaster and Emer¬ 
gency Service is a volunteer search- 
and-rescue group. We would greatly 
appreciate any assistance that can be 
supplied by the readers of ham radio. 

Wayne Richardson 
Lebanon Junction Area Coord. 

Bullitt Co. Div. Disaster & 
Emergency Services 
Main Street 
Lebanon Junction, KY 40150 


another 10-meter beacon 

I am writing to inform you that I 
have designed and built a beacon 
controller and transmitter and that it 
is currently in (what I hope will be) 
permanent operation on 28.208 MHz. 
The beacon runs twenty-four hours a 





day, seven days a week, with an in¬ 
put power of 75 watts CW. QSL 
information is transmitted along with 
the beacon transmission. 

I hope that ham radio readers will 
find this a propagation aid; and the 
presence of this signal should indi¬ 
cate when the band is open into New 
England. The antenna is a ground 
plane at a height of 20 feet 16.1 
meters) with 16 one-wavelength long 
radials. 

(I am presently looking for dona¬ 
tions of old Novice transmitters 
which might make a suitable replace¬ 
ment for my current transmitter, 
should the need arise. Keeping a 
transmitter on the air continuously 
can be quite taxing to transmitters 
designed for Amateur use. I would 
particularly like to find a Drake 2NT or 
a DX-60A.) 

Leonard J. Umina, WA1IOB 
607 Sudbury Street 
Marlboro, MA01752 

/ am considering transistorizing my 
old Drake TR-3 transceiver. / do not 
wish to build or buy the plug-in units 
that operate from the 250-volt supply 
in the TR-3. / propose to rectify and 
filter the 12.6- volt ac originally used 
for the heaters. 

The TR-3's i-f stages use 12BA6 
tubes, with plate resistance of 1 meg¬ 
ohm and transconductance of 4400 
micromhos. / haven't found any sin¬ 
gle transistor which will match these 
characteristics, along with high input 
impedance. Of course / would like to 
use a single transistor, but / am will¬ 
ing to use two per stage if necessary. 
Can you help? - Farrell A. Buckley, 
AK7N 

One solution to your question is to 
use the Solid State Tubes sold by 
Sartori Associates, P.O. Box 2085, 
Richardson, Texas 75080. They offer 
a replacement for the 12BA6. Other 
solutions are no doubt possible. Per¬ 
haps one of our readers can offer a 
suggestion? 

ham radio 
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More and more Amateurs are 
faced with the problem of getting on 
the air from a location where a full- 
size antenna cannot be erected. 
What's the answer? Stay on 2 meters 
and work the local repeater? If only 
the high-frequency antenna could be 
magically reduced in size! 

Mini-antennas have been used on 
the high-frequency bands for a long 
time, the most compact type being 
the loaded whips for mobile service. 
While these ultra-short antennas do 
work, their efficiency is very low (of 
the order of one or two percent) and 
their bandwidth is very restricted. As 
the antenna shrinks in size, compared 
to the length of the radio wave, effi¬ 
ciency drops and bandwidth de¬ 
creases. However, it is possible to 
strike a compromise and achieve 
good efficiency in an antenna that is 
smaller than the classic half-wave 
dipole. 

the loaded antenna 

Serious investigation of the coil- 
loaded short antenna started about 
1933 when the General Electric Com¬ 
pany developed experimental radios 
for the new mobile police communi¬ 
cations system working on the "ultra- 


high" frequency of about 35 MHz. A 
summary of the results appeared in 
the September, 1934, issue of QST. 
The investigation was continued in 



fig. 1. Loaded dipole program for the 
TRS-80. 


1940 by the National Park Service. 
The N.P.S. wanted 2-4 MHz mobile 
operation for the mountainous re¬ 
gions of the National parks, many of 
which exhibit VHF blind spots. 2 

The conclusions of both these in¬ 
vestigations point up that a very 
short, loaded antenna could be made 
to work well provided it was properly 
designed. One of the main require¬ 
ments of proper design was that a 
high-Q loading coil be used, and that 
it be placed near the center of the an¬ 
tenna section. 

It was there that the matter rested 
until Jerry Hall, K1PLP, published a 
classic article in the September, 1974, 
issue of QST, giving a procedure for 
determining the inductance of a 
loading coil no matter where it was 
placed in an antenna. 3 Jerry's exam¬ 
ple used a dipole instead of a mobile 
whip. This interesting mathematical 
exercise was converted into a com¬ 
puter program by Dick Sander, K5- 
QY, and published in the December, 
1981, issue of CQ. 4 The short, loaded 
antenna had finally arrived. 

loaded dipole program 
for the TRS-80 

Dick's program was designed to be 
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used with an Apple II computer, but 
my good friend Dick Rasor, W6EDE, 
easily converted it for use with the 
TRS-80 (fig. 1). A little work with the 
program showed up some interesting 
aspects of the loaded dipole which 
previously had been obscured by the 
difficulty of the mathematics. These 
difficulties were now reduced to 
punching a few computer keys! 

An illustration of the loaded dipole 
is given in fig. 2. For simplicity, the 
loading coils are located midway 
down the arms of the dipole: early ex¬ 



periments indicated this was the best 
place to put a loading coil if the 
assembly was to avoid becoming me¬ 
chanically too complex. 

A computer run of the antenna de¬ 
sign shows why coil placement is crit¬ 
ical. Fig. 3 plots coil placement 
against coil inductance. One limit on 
where the coil can be placed is seen 
at point 1, the feedpoint of the anten¬ 
na. A feedpoint-loaded dipole places 
the coil at the point of maximum cur¬ 
rent, where the stored magnetic ener¬ 
gy is high. A minimum value of induc¬ 
tance is required to establish reso¬ 
nance there, but — unfortunately — 
the portion of the antenna that does 
the most radiating is the portion with 
the maximum current. Winding it up 
into a coil reduces the radiation resis¬ 
tance, reduces bandwidth drastically, 
and leads to high antenna losses, 
principally because the coil will have 
relatively high loss no matter how 
well it is built. 

Farther out along the antenna, the 
stored magnetic energy decreases 
and the inductance required in any 



coil placed there increases. At the 
same time, more of the high-current 
center section of the antenna is per¬ 
mitted to radiate. Antenna efficiency 
rises and the radiation resistance in¬ 
creases. Good! 

But observe what happens when 
the coil passes the center point of the 
dipole leg (point 2). Now instead of 
increasing somewhat linearly with 
distance, the coil inductance in¬ 
creases rapidly. When the coil is 
placed near the end of the antenna 
(0.3) the required inductance value is 
more than seven times the value re¬ 
quired for center (base) loading, and 
more than three times the value re¬ 
quired when the coil is placed near 
the midpoint of the element. 

It is tempting to place the loading 
coil near the tip of the antenna ele¬ 
ment; then, the whole element sec¬ 
tion has a high value of current in it, 
and this is thought best for antenna 
efficiency. But imagine a 925-/iH in¬ 
ductor at 3.5 MHz. It would be four 
inches in diameter and have nearly 
two-hundred turns on it. The length 
would be over a foot, depending 
upon wire size. Placing such a coil at 
a high potential point in an antenna 
would result in fireworks: corona and 
brush discharge would occur with but 
a few watts of power applied. (And 
the coil would probably burn up after 
dust and dirt collected on it. In fact, 
all that would be required to do the 
job would be fog or rain.) 

Fig. 4 shows the inductance of 
coils needed to make a half-size 
dipole for the various high-frequency 
bands. Although the antenna is not 
thereby reduced to its theoretically 
smallest size, this will show how an 
antenna can be cut fifty percent in 
size and still do a good job. 

The computer printout that derived 
fig. 4 was based on an antenna using 
No. 16 wire for the coils and flattop. If 
a larger size wire is used, the tip sec¬ 
tions of the antenna should be short¬ 
ened a few inches (this is not critical). 

With this data, a short dipole for 
3.8 MHz works out to be about 61 
feet 6 inches (18.94 m) long. The 
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loading coils are each 40.1 /xH, and 
they are placed 15 feet 4'/2 inches 
(4.69 m) from the center of the insu¬ 
lator. 

How do you wind a 40.1-/xH coil? 
There's a computer program for that, 
no doubt, but I don’t have one at 
hand. However, the simple formula 
shown in fig. 5 will do the job. 

feeding the loaded 
dipole antenna 

With a portion of the antenna 
wound up into a loading coil (Li), the 
radiation resistance of the antenna 
drops drastically. For this design, the 
feedpoint resistance (composed of 
the radiation resistance plus the loss 
resistance of the coils) is about 22 
ohms. This figure varies with height 
of the antenna above ground. Taking 
this value as par, the inductor-match 
system (hairpin match) developed by 
Gootch, Gardner, and Roberts will do 
the job. 5 For this antenna design, an 
inductor of about 44-ohms reactance 
(1-2) is placed across the antenna 
feedpoint. At 3.8 MHz, this corre¬ 
sponds to a coil of 1.86 *tH. The reac¬ 
tance of the coil is derived from the 
graph in fig. 6. 

Since the inducto-match is a sim¬ 
ple L-network, the capacitive portion 
of the circuit is achieved by slightly 
shortening the antenna. Four inches 
off each end is about right, and the 
completed antenna is shown in fig. 7. 


complete TRS-80 program 
for all bands 

Using this information as a starting 
point, some smart computer pro¬ 
grammer can develop a complete 
TRS-80 program which includes the 
design of the inducto-match coil. 
And, in addition, the program might 
be further expanded to include large- 
diameter elements. This will permit 
vertical antennas composed of alumi¬ 
num tubing to be quickly designed for 
the lower frequency bands. I'll be 
happy to hear from anyone who com¬ 
pletes this task. 

no-code ham license? 

A lot of flak is flying around about 
the so-called no-code license pro¬ 
posed by the FCC. The arguments 
against a no-code license seem to fall 
into two categories: 

1. I had to pass a code test, so why 
shouldn't the next guy? 

2. A no-code license will open the 
door to CB operators, who will ruin 
the ham bands. 

I won't comment on the first argu 
ment, or the accompanying argu¬ 
ment over tradition; others can fight 
that battle. But I would like to discuss 
the second argument that a no-code 
license would open the door to CB 
operators, who will ruin the ham 
bands. 



Perhaps this is true. But perhaps 
the CBers don't want to work in a 
VHF ham band! How about that! 

It is very instructive to tune across 
the hf spectrum with an "all-wave" 
receiver. Anyone who does will note 
that there's a tremendous amount of 
illegal sideband activity between 26.2 
MHz and 27.99 MHz. I believe there 
are more unlicensed stations in this 
portion of the spectrum than there 
are licensed stations in all the ham 
bands, at any one given time. This 
portion of the spectrum is jammed 
with thousands of signals. 

These pirate operators are called 
"CBers." Perhaps this is an inaccu¬ 
rate epithet. I doubt if the majority of 
them have a CB license, and I prefer 
the term pirate. That does not imply 
CB operation. Be that as it may, the 
point I am bringing out is that these 
pirates operate wherever they wish, 
using modified ham gear. If they 
want to work on 144 MHz, or 220 
MHz, they will do so — regardless of 
whether or not a no-code license 
exists. 

When the sunspot count drops and 
the MUF falls, the 11-meter region 
will be barren of long-distance con¬ 
tacts. What will the tens of thou¬ 
sands of pirate operators do then? Go 
to the new no-code ham license? I 
doubt it. 

Already many pirate operators in 
Europe are using the 6.6 to 6.8 MHz 
portion of the spectrum for SSB op¬ 
eration. The pirates tend to avoid the 
ham bands. They operate in the large 


frequency 
1.82 
3.51 
3.80 
7.1 5 
10.11 
14.17 
18.11 
21.20 
24.95 
28.60 


total 

length 

feet 

128.57100 

66.66670 

61.57900 

32.72730 

23.14540 

16.51380 

12.92100 

11.03770 

9.37876 

8.18182 


center 
to coil 
feet 

32.14290 

16.66670 

15.39470 

8.18182 

5.78635 

4.12844 

3.23026 

2.75943 

2.34469 

2.04545 


coil 

inductance 

91.88680 

43.87170 

40.10240 

19.53040 

13.12140 

8.88137 

6.67597 

5.55306 

4.58680 

3.90515 


wire 

diameter 

inches 

0.058 

0.058 

0.058 

0.058 

0.058 

0.058 

0.058 

0.058 

0.058 

0.058 


fig. 4. Computer-derived table of the inductance values of coils needed to make a 
half-size dipole. 
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spaces in the commercial and point- 
to-point regions, where few if any 
signals exist. 

I say that the fear that pirates might 
invade ham radio via the no-code li¬ 
cense is unfounded. They will come 
in only if they want to, regardless of 
the license structure, and my predic¬ 
tion is that there are more attractive 
places in the radio spectrum for them 
to occupy than a ham band. So I 
don't see the foundations of ham 
radio crumbling because a no-code 
license is introduced. 

As time goes on the number of pi¬ 
rate stations will increase, because 
the various communications authori¬ 
ties throughout the world seem pow¬ 
erless to stop them. A few pirates will 
inevitably invade the ham bands from 
time to time, but this will have noth¬ 
ing to do with the Amateur Radio 
licensing structure. The problem has 
been swept under the rug up to now, 
yet it increasingly involves all the 
radio services. Pirate radio includes il¬ 
legal broadcasting on medium and 
shortwave and VHF. In Europe, pirate 
broadcasting clogs the fm band and 
the quieter broadcast band channels. 
There are pirate television stations in 
operation in Europe, and Central 
America is full of illegal broadcasting. 
So far, radio hams are lucky; little of 
this trash has fallen in their bands. 
The pirates prefer to go where they 
can operate under less scrutiny than 
in a busy ham band. 

So don't worry about a VHF no¬ 
code license. The pirate operators 
have more alluring possibilities open 
to them than competing with hams in 
a short-range, line-of-sight service. 



fig. 7. Compact, coil-loaded dipole for 3.80 MHz. Tip length is adjusted for minimum 
SWR at design frequency. Coil is wound with No. 16 (M1.3) wire per data in fig. S. 
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a microprocessor 

repeater controller 

Our radio club recently relocated its 2-meter 
repeater to a site with a much higher antenna. The 
repeater committee decided to make major improve¬ 
ments in the control system to accommodate this 
move. We had a 220-MHz repeater also under con¬ 
struction, and would need a controller for that sys¬ 
tem as well. 

The original controller was a small, wire-wrapped 
board using 556 timers, some counters, and a ROM 
for the CW identification. Remote control was by 
phone line and was not sophisticated. Past experi¬ 
ence with this system indicated that adding any sim¬ 
ple function would be a major task. Microprocessor 
enthusiasts in the club had the solution: build one 
microprocessor-based controller for both bands! 

The final design may be expanded upon easily. In 
addition to the hardware description, I would like to 

By Bill Warner, KB5F, 5418 Vineridge Place, 
Garland, Texas 75042 


A versatile controller 
for two repeaters 
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share some of our thoughts and decisions that went 
into creating the final design. 

the design approach 

Deciding to use a microprocessor as a controller 
was easy. In the long run i{ would be cheaper, and 
it's easier to add features by reprogramming than to 
add separate pieces of specialized hardware. Some 
new circuitry would be needed as features were 
added, but such circuitry would be simple interfaces. 

Reliability would be good, thanks to the high relia¬ 
bility of digital circuits and the lower parts count per 
function (compared with standard small and 
medium-scale integrated circuits). Two decisions 
had to be made: which microprocessor to use, and 
what features to include in the new controller. 

selecting a microprocessor 

The microprocessor we finally decided on would 
have to be easy to program in assembly language, 
have a simple input/output (I/O) structure, and be 
supported by good development software. The 
microprocessor instruction set should be able to han¬ 
dle reentrant programming, allowing one program 
module to share multiple data sets. 

The Intel 8080, Zilog Z80, Motorola 6800, and 
Texas Instruments 9900 microprocessors were all 
candidates for our application. The 8080 or Z80 at 
first appeared to be the best choice. A friend had 
built an 8080 controller six years ago for the 
WR8ANW repeater in Columbus, Ohio. The program 
listing used for that controller was available and 
could have been converted for our needs. Several 
club members had 8080 systems that they used for 
software and hardware development. A major draw¬ 
back of the 8080 was its I/O structure and the diffi¬ 
culty of writing clean, reentrant code for it. 

The Z80 has few of the shortcomings of the 8080. 
It can set and test single bits in operands, has an 
indexed addressing mode, and allows I/O port ad¬ 
dresses to reside in one of its internal registers. Re¬ 
entrant programming is easier with it. Unfortunately, 
none of the club members had Z80 support software 
at that time. 

The 6800 was not really in the running. None of 
the club members were familiar with it; we would be 
starting from scratch. This doesn't mean the 6800 
won't work for this application. The WR8ANW re¬ 
peater group, mentioned earlier, has completed a 
6800-based controller. 

The TMS9980 was our final choice. It is easy to 
write reentrant code for the 9900 family since any 
register may be an index. Interrupts are easily han¬ 
dled. Since all general purpose registers are in mem¬ 
ory, the only registers saved on interrupt are the pro¬ 



fig. 1. Overall system block diagram of the K50JI 
double-frequency VHF repeater. New controller in¬ 
cludes a keyboard/printer terminal for logging and 
maintenance. Original controller on-line for backup. 
Telephone remote shutdown disables entire system. 



gram counter, status register, and workspace point¬ 
er. These three restore automatically after interrupt 
servicing, reducing the programming load. And, sup¬ 
port software which became available to the club on 
a larger 990 minicomputer proved to be a valuable 
tool when it came time to assemble and edit the con¬ 
troller programs. 

a choice of features 

A list of the minimum functions required for our 
application was drawn up. These included CW iden¬ 
tification, a variable time-out timer, a beep to indi¬ 
cate time-out, timer reset, and a status-logging rou- 
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tine to print hourly status reports on a terminal. The 
time of day was added to the CW ID since there 
would be a counter keeping track of time in the pro¬ 
gram. 

Keeping the original controller, modified to oper¬ 
ate as a backup, would retain telephone line shut¬ 
down with the ability to disable the repeaters regard¬ 
less of which controller was operational. 

Fig. 1 is the repeater system block diagram. It was 
constructed so that adding new features would 
cause only a few hours of downtime. New program¬ 
ming may be installed while the backup controller 
handles the repeater. Some of the new features in¬ 
clude a tone decoder, a modem for RTTY I/O and 
control, and even a voice synthesis module. 

We had defined the general system; features were 
chosen and the microprocessor would use TMS9900 
family components. This left only the hardware de¬ 
tails to design. 

build or buy? 

Texas Instruments makes several single-board 
microcomputers. The TM990/100 and TM990/180 
boards have a small prototyping area where additional 
interface circuitry can be built. Each has plenty of on¬ 
board EPROM and RAM for program operation. 

The final program would be burned in the EPROM, 
but I wanted to put the program in RAM first to do 
the final debugging and possible patching. The tem¬ 
porary RAM test-space would be free after program 
verification. The free RAM could then be used for 
other functions, perhaps as a message storage area 
for RTTY users. The only way to get enough check¬ 


out RAM with the TM990 boards is to add at least one 
additional board. 

Designing and wire-wrapping a single board with 
enough memory and I/O components to meet the 
basic criteria seemed the best way to proceed. It 
would include enough circuitry to bring address, 
data, and control lines off the board for later addi¬ 
tions. Later features could be added using separate 
boards. 

Fig. 2 is the single-board controller block diagram. 
Memory and I/O addressing are similar enough to 
the TM990 board series to allow using the TIBUG™' 
monitor ROM for program check-out, and also allow 
the final debugged control program ROMs to be in¬ 
stalled and run on the TM990 board. 

solidifying the design 

Figs. 3, 4, and 5 are the schematics for the con¬ 
troller board. Signal mnemonics connect the three 
main schematic groups. Two edge connectors, PI 
and P2, connect the controller to the rest of the sys¬ 
tem. Details begin with fig. 3. The controller chassis 
is seen in photo 1. 

The Central Processor Unit (CPU) is a TMS9980 
with an 8-bit data bus and addressing to 16K (16,384) 
bytes, more than sufficient for this application. CPU 
clock frequency is 10 MHz, from the crystal-con¬ 
trolled inverter oscillator in U8. External device clock¬ 
ing is available at U20-22, marked 03. 

The CPU resets by interacting with peripheral inter¬ 
faces, shown in fig. 5. Power-on reset for these in- 
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photo 1. Top view of controller chassis with power supply. 
New controller is long board in second slot. Stand-offs pro¬ 
tect wire-wrap pins on 1C sockets. First slot contains old 
controller, smaller board toward chassis rear. Small board 
in first slot toward front panel contains LED resistors and 
wire connections to front panel. Empty slots are for future 
expansion. Edge-connector socket pairs wired in parallel 
with P1/S1 toward front. 


terfaces is provided by Schmitt-inp ut ga te U9A, R1, 
Cl through U8A and U10B to the RSTI line. A nor¬ 
mally open reset switch may be added for testing. 
RESET at PI-20 to reset future external circuits. 

The failsafe timer one-shot at U21 is re-triggered 
by the program through FSSTRB every 16.7 millisec¬ 
onds. As long as the controller is operational, RPTDIS 
at PI-41 remains low and disables the backup con¬ 
troller. Controller failure will make RPTDiS high and 
enable the backup; a TTL pull-up resistor is located in 
the backup controller. 

Flip-flops U2 and U3 generate proper LOAD timing 
for the interface chips with the help of decoder U5 
and gate" U9B. The ready signal input to the CPU 
(U20-39) must be high for normal operation with 
memory; the low state causes a CPU wait mode, to 
allow for access with slow memory. AND gate U10C 
keeps the ready signal high via the failsafe one-shot 
and expansion signal EXTRDY. 

RAM is organized in IK banks, chip-pairs selected 
by U12. ROM is in 2K banks, selected by U13 and 
U14. ENDB is a fourth 2K bank select for expansion. 
U6 selects the interface chips and is wired for select¬ 
ing one of three 32-bit CRU I/O bit groups. Address¬ 
ing is detailed in the last section. 

memory and bus expansion 

Fig. 4 is a simplified memory schematic. Static 
RAM uses 2114 devices having a IK by 4-bit struc¬ 
ture. Address lines A4 to A13 and write enable WE 
are common to all RAM chips, but data bus lines 


must be split a s indicated. RAM chip select lines 
RAM0 to RAM7 must be common only to a pair of 
2114s. 

All ROM pins except chip selects ROM0 to R0M2 
are common. Either a 2516 or 2716 EPROM may be 
used for ROM, but there is a slight programming dif¬ 
ference between the two. Both RAM and ROM may 
use 450 nanosecond access time devices. 

A minimum system must have U25, U26, U31, and 
U32 installed. All memory sockets are wired for ease 
of check-out. The board in photo 2 shows 4K RAM 
installed for program verification. The memory map 
is seen infig,4A. 

Bus transceiver U24 and bus buffers U28 to U30 
are needed only if expansion is considered. R21 must 
remain to hold EXTRDY high if U30 is removed. 

talking to the rest 
of the system 

The TMS9901 Programmable Systems interface 
(PSD is the key device in fig. 5. it provides interrupt 
masking, priority encoding, I/O ports, and an interval 
timer in one package. It also handles interrupts from 
the TMS9902 Universal Asynchronous Receiver/ 
Transmitter (UART) at U17 and U18. 

The 9901 communicates with the CPU through the 
CPU's communications register unit (CRU), an inter¬ 
nal serial interface within the 9980. (The CRU opera¬ 
tion is covered briefly later in this article, but the 
reader is referred to the reference for detail.) 

The open-collector buffers to the repeaters and 

HEXADECIMAL 

ADDRESS 


Required for repeater 
control firmware 


Wired for future 
control firmware 
Wired for future 
memory-mapped 
I/O devices 


RAM used for initial program 
debugging. 

May be used by 
future enhancements. 


] Required RAM for repeater 

fig. 4A. Memory map of controller. Monitor ROM lo¬ 
cated in $0000 to $07FF address. Minimum RAM in ad¬ 
dress location $3D00 to $3FFF 1$ = hexidecimal). 
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front panel controls are identical circuit groups to 
each repeater. Mnemonics for the signals have an A 
suffix for the 2-meter repeater, a B suffix for the 220- 
MHz repeater. Direct repeater controls are PTT (push 
to talk), IDOSC (ID tone or 'oscillator'), and SQOP 
(squelch open). Other signal lines in each group refer 
to the front panel controls and indicators shown in 
fig. 6A and in photo 3. 

PTT is low to transmit. Pull-up for the open-collec¬ 
tor buffers (U16E and U15D) is provided within the 
repeater chassis. The CW identification tone is pro¬ 
vided by programming the first-level interrupt period 
of 512 microseconds for a square-wave frequency 
just under 1 kHz. RC filtering at the IDOSC output 
produces a triangular waveform with an amplitude of 
about 5 volts peak-peak. 

Remote shutdown is common to both controllers, 
but the direct telephone interface is within the old 
controller. Two rings on the landline will cause 
SHUTDOWN to go low, disabling the main controller. 
SHUTDOWN is TTL-compatible but requires R18 to 
hold U19-20 high when the backup controller is 
removed. 



photo 2. Photo of controller board made just before 
final circuit freeze. All ICs are socketed on prototype 
board. Except for supply bypass capacitors, all discrete 
components mounted on DIP plugs. Number labels 
were construction references. 



photo 3. Front view of front panel controls and indicators. 


The RS-232 terminal connections (completed in 
fig. 6C) use high-voltage buffers in U22 and U23 for 
an ASR-733 terminal. Other devices can be used to 
interface the UART at U18. The terminal is connected 
directly to the new controller, and not used in the 
backup. 

The power demand of the single-board controller 
is 3 A at +5 Vdc, 2 mA at - 5 Vdc, 0.2 A at +12 
Vdc, and 0.1 A at -12 Vdc. The +5 Vdc supply 
demand is dependent on the amount and type of 
memory. A well-regulated supply should be used, 
but the current should be calculated for your own 
configuration. 

manual control and indication 

The front panel controls are not an absolute re¬ 
quirement, but do provide local control for testing 
and a quick indication of operation.* The 2-meter 
control and indication is shown in fig. 6A; the 220 
MHz arrangement is identical except for intercon¬ 
necting pins. 

The condition of the ENABLE switch is periodically 
read by the program. Switch status, shutdown sig¬ 
nal, and a flag in memory will determine if the partic¬ 
ular transmitter should be turned on when requested. 
The ENABLE status is displayed by the program as a 
check of all conditions. 

The XMIT display lights up whenever a repeater is 
transmitting. The TEST switch controls two methods 
of transmit: manual — without microprocessor con¬ 
trol — if the switch is held to the left, or simulation of 
squelch-open with processor control if it is held to 
the right. The SQOP display indicates the latter simu¬ 
lation, or normal squelch-open condition, of the 
repeater. 

The ID LED is driven from the same source as the 
audio tone. Since this signal is a fifty-percent duty 
cycle, the current limiting resistor is smaller, creating 
a more uniform brightness. 

Four keyboard commands are recognized. An 
operator can type U on the terminal to update the 
time, T to print current program time, M to modify 
the clock, and S to print the current system status. 
Other entries are ignored. The time correction is the 
number of seconds to be added to the internal clock 
each day; there is no provision for tweaking the sys¬ 
tem clock frequency. 

construction 

The controller was wire-wrapped on a prototype 
board, as shown in fig. 7 and photo 2. Bypass ca¬ 
pacitors for the + 5 V supply line were soldered di¬ 
rectly on the board, one for every three ICs and one 
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for every two memory chips. All other discrete com¬ 
ponents mount on DIP plugs. 

A 12 x 17 x 2 inch (30 x 43 x 5 cm) Bud chassis 
is bracket-mounted to the rack panel. Two 7 x 11 
inch (18 x 28 cm) aluminum plates hold the power 
supply and four pairs of card edge connectors. All in¬ 
terface connectors, the line fuse, and switch are 
mounted on the rear face of the chassis. 

programming and checkout 

The program was coded in short routines, most 
containing less than fifty lines. The code is heavily 
commented to facilitate debugging and to provide 
good documentation. Documentation is essential if 
you want anyone, even the programmer, to under¬ 
stand the program at a later date. 

The program was initially programmed into the 
EPROM and installed on the board. A short routine 
was executed to move the program from ROM into 
RAM. Execution from RAM was under control of the 
monitor, allowing correction and patching. The mon¬ 
itor used was TIBUG™. 

The EPROMs are re-programmed after checkout so 


the program can execute from a ROM address area 
rather than RAM. 

Hardware and system checkout procedure used 
the front panel TEST switch to simulate the receiver 
squelch-open signal until most of the program bugs 
were found. Later, the PTTA line was jumpered to 
SQOPB and PTTB was jumpered to SQOPA; with both 
channels enabled, the controller would alternately 
transmit on 2 meters and 220 MHz. We ran the con¬ 
troller only in this mode for several days in the 
presence of the club's HF and repeater equipment to 
verify that the controller was rf compatible. No in¬ 
terference was observed. A typical printout is seen in 
fig. 8 

history 

Total construction time for this project was ap¬ 
proximately four months. Most of the board wiring 
and program design was completed during a two- 
week vacation. The most time-consuming task was 
packaging the controller. 

The controller was installed in the K50JI repeater 
in January, 1981. Up to the time of this writing, 
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about two years, we had only one failure due to bad 
memory chips. Since the backup controller picked up 
when the main unit failed, the repeater was never off 
the air. The bad chips were quickly located and re¬ 
placed. 

The controller is reliable, expandable, and relatively 
simple. It can be made on a prototype board or it may 
be an adaptation of commercially available micro¬ 
processor boards. Hardware and software is designed 
so other features may be added easily. 

Based on observation of microprocessor loading, 
the controller should be able to control three re¬ 
peaters simultaneously. The Level 1 interrupt is the 
heaviest CPU load and provides the ID tone; a sepa¬ 
rate hardware oscillator will relieve much of the first- 
level interrupt handling. 

This project would not have been possible without 
the help of WB8CEB for most of the program editing 
and N5JS and AJ5L who maintained the rf portions 
of the repeaters. 

A listing of the control program is available on an 
8-inch CPM™ compatible disk available from the 
author for $15.00. This disk contains the program 
listing and an object file for programming EPROMs. 
The disk is single-sided, single-density and the pro¬ 
gram uses 26 sectors at 128 bytes per sector. 

for the computer technician 

Computer technology is a specialized area. Some 



explanations and technical arguments follow which 
will serve the needs of the computer specialist who 
undertakes this project, ham radio cannot take sides 
in programming techniques, but a strong relationship 
between hardware and software is integral to the 
successful design of this system, and the computer 
technician should be aware of this before beginning 
the project. Editor. 

Reentrant programming is sometimes confused 
with recursive programming; we offer the following 
abbreviated definition from Granino Korn's Micro¬ 
computers for Scientists and Engineers-. 

"A special case occurs where a subroutine is inter- 
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table 2. TMS9901 PSI bit assignments. 




12 

13 

14 

15 

16 


CRU read data 

Control bit (1) 

INT17CLK1 (2) 

INT2-/CLK2 

INT3-/CLK3 

INT4-/CLK4 

INT5-/CLK5 

INT6-/CLK6 

INT7-/CLK7 

INT8-/CLK8 

INT9-/CLK9 

INT10-/CLK10 

INTI 1-/CLK11 

INT127CLK12 

INT13-/CLK13 

INT14-/CLK14 

INT15-/INTREQ 


18 

19 

20 
21 
22 

23 

24 

25 

26 
27 


Remote shutdown 
ID Ch A 

SQ OP Ch A 

ENABLE SWChB 
ID Ch B 


29 SQ OP Ch B 

31 ENABLE SWChB 


Control bit 
MASK1/CLK1 (3) 

MASK2/CLK2 

MASK3/CLK3 

MASK4/CLK4 

MASK5/CLK5 

MASK6/CLK6 

MASK7/CLK7 

MASK8/CLK8 

MASK9/CLK9 

MASK10/CLK10 

MASK11/CLK11 

MASK12/CLK12 

MASK13/CLK13 

MASK14/CLK14 

MASK15/RST2- (4) 

Fail-safe strobe 

LEVEL 11NTERRUPT INDICATOR 
LEVEL 2 INTERRUPT INDICATOR 
LEVEL 3 INTERRUPT INDICATOR 
LEVEL4 INTERRUPT INDICATOR 

ID Ch A 

ENABLE Ind Ch A 
XMIT Ch A 
ID Ch B 

ENABLE Ind Ch B 
XMIT Ch B 



rupted and the interrupt calls the same subroutine. A 
program may fail on return from interrupt. Subrou¬ 
tines designed to work properly on interrupt and res¬ 
toration from interrupt are called 'reentrant.' A good 
way to obtain reentrant subroutines is to provide 
temporary storage of addresses and register contents 
in 'stack' storage. Real-time computation with many 
interrupt-driven segments make reentrant program¬ 
ming desirable." 

When many repeaters need be controlled, the only 
additional software necessary should be new param¬ 
eter tables and calls to the routines handling data in 
these tables. Not only should the data manipulation 
instructions be reentrant, but so should I/O instruc¬ 
tions; controlled devices will not always have the 
same I/O addresses. 

The I/O structure of the 8080 does not lend itself 
to reentrant programming. I/O routines must be pro¬ 


grammed once for each channel, and you must de¬ 
cide which piece of code to execute, or the code 
must be written to be self-modifying: the program 
modifies the instruction set about to be executed 
before entering the set. The instruction must reside 
in RAM to be self-modifying. The I/O of the 8080 
must transfer eight bits at once, which requires extra 
logical instructions. This means that the bits which 
control the repeater must be set, reset, and tested, or 
only one function can be assigned to each I/O port. 

While you need subroutines to load and test an 
8080 memory location, a single 9900 instruction per¬ 
forms the same function. The 9900 I/O structure 
lends itself to reentrant programming. The 9900, 
through its CRU, may transfer from one to sixteen 
bits with a single instruction. This makes it suitable 
for multiple-control applications. 

The address bus I/O address is generated by add- 





ing the CRU bit address in the instruction to the con¬ 
tents of the CRU base register, one of the user- 
accessible registers. By setting base register con¬ 
tents differently for each channel, the same I/O in¬ 
structions can be used to control the same function 
on different channels. 

Since all general purpose registers are in memory, 
only the CPU program counter, status register, and 
workspace pointer need be saved during an inter¬ 
rupt. These are saved and restored automatically. 
The programmer does not have to keep track of 
which registers to save or restore. 

The TMS9980 CPU is part of the 9900 family and 
uses the same instruction set. This class of processor 
differs from earlier designs and readers should refer 
to the reference material for exact details. The 
following will help you understand the CRU and how 
it is used in the K50JI repeater. 

understanding the CRU 

The communications-register-unit uses a dedi¬ 
cated bit-addressable interface for I/O between the 
CPU and 9901, 9902 devices. The CRU interface in the 
system is the address bus and three signal lines: 
CRUCLK, CRUIN, and CRUOUT (multiplexed with ad¬ 
dress line A13 on the 9980). The 9901 and 9902s are 
enabled via U6 by address lines A0, A1, A5, A6, and 
A7 while address lines A8 through A12 select the sin¬ 
gle bit to be input or output. The CRU transfers data 
one bit at a time, serially, on the CRUIN and CRUOUT 
lines. 

For output, the address lines are set to point to the 
desired output bit and that bit of data is put on the 
CRUOUT (A13) line. CRUCLK then clocks the data 
into the selected device. For input, the address lines 
are set to point at the desired input, then clocked into 
the CRU through the CRUIN line. There is no external 
signal to indicate when an input is read. 

Table 1 lists the hardware and software addresses 
for the CRU. The 9901 occupies thirty-two bits of 
CRU input/output space and assignments are given 
in table 2. Table 3 is a complete parts list for the 
controller. 

Table 2 needs further explanation: bit 0 controls 
the mode of bits 1 to 15. If bit 0 is logic 0, the 9901 is 
in interrupt mode. Writing to bits 1 to 15 sets an in¬ 
ternal mask for passing or ignoring an interrupt level. 

The 9901 is in clock mode (internal interval timer) if 
bit 0 is logic 1. Writing to bits 1 to 14 loads a value 
into the timer's count decrementer. As the timer 
counts down to zero, an interrupt is issued and the 
timer resets to decrement value. Reading bits 1 to 14 
will read the current value of the decrementer. Read¬ 
ing bit 15 inputs the status of the interrupt request 
while writing to bit 15 initiates a reset of input/output 
pins. 


table 3. Controller parts list. 


quantity type 

1 TMS9980 

1 TMS9901 

2 TMS9902 
2 min., 16 max. 2114 

2 min., 3 max. 2516 

1 74LS00 

1 74LS04 

1 7404 

3 7407 

2 74LS08 

2 74LS74 

1 74LS123 

1 74LS132 

4 74LS138 

3 74LS244 

1 74LS245 


1 75189 

resistors 

1 220 K 

1 68 ohm 

2 82 ohm 

6 120 ohm 

2 510ohm (5%l 

2 2.2 K 

6 4.7 K 

6 15 K 

2 1 K 

1 V 220 K 


tail capacitors are disk, 25 V n 
24 0.01 

2 0.VF 

1 1.0/tF 

1 10 pF mica 

1 33 M F 

1 47 pF 

1 CY-18 crystal, 

10 MHz 

1 1N4001 

2 LED, green 

2 LED,red 

4 LED, yellow 

2 switch, SPDT, momen 

off-momentary 
2 switch, SRST 


U20 

U19 

U17, U18 
U31 to U46 
U25 to U27 
U4 
U11 
U8 

U7, U15, U16 
U10. U14 
U2, U3 
U21 
U9 

U5, U6, U12, U13 

U28, U29, U30 

U24 

U22 

U23 


R7 

R2 

front panel 
front panel 
R4, R5 
R19, R20 

R1, R6, R8, R13, R18, R21 
R9, R10, R12, R14, R15, R17 
R11, R16 

R3 (Beckman 899-1-1.0 K) 

R7 


C2, C7, C8, C9, Cl 1 to C30 
C5, C6 
C4 
C3 

Cl (electrolytic, 10 V min.) 
CIO (electrolytic, 10 V min.) 


CR1 

front panel 
front panel 


Bits 16 to 31 are for I/O, the majority directly inter¬ 
facing with the repeaters. Writing a 0 and then a 1 to 
bit 16 will re-trigger failsafe one-shot U21. Re-trigger¬ 
ing must occur at a 60 Hz rate. 

Bits 17 to 20 are monitor output which indicates 
the level of interrupt processing. Entering an inter¬ 
rupt routine sets the appropriate bit for that interrupt 
level. Completing an interrupt resets the bit. Oscillo¬ 
scope monitoring verifies the interrupt and indicates 
CPU loading for each interrupt time. The first three 
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interrupt levels are used here with the fourth level re¬ 
served for future use. 

Bit 21 is an input for remote shutdown via tele¬ 
phone line through the old controller. The old con¬ 
troller will shut down through its own interface cir¬ 
cuitry and a low state of SHUTDOWN will disable the 
new controller. 

Bits 22 to 26 are I/O control for the 2-meter re¬ 
peater ("A" suffix mnemonics) while bits 27 to 31 are 
identical in function for the 220 MHz repeater ("B" 
suffix). 

Interrupt level 3 is internal to the 9901. Interrupt 
levels 4 and 5 are hardwired to the interrupt outputs 
on both 9902s. The 9901 will prioritize interrupts, out- 
putting an interrupt code of 0 for highest priority and 
15 for lowest priority. The 9980 CPU interprets levels 
3,4, and 5 as interrupt levels 1,2, and 3, respectively. 

Each 9902 UART is assigned thirty-two bits of CRU 
and each may cause an interrupt from four separate 
events. Repeater control uses only the interval timer 
interrupt. The second 9902 (U18) is used solely for 
the timer, but could be used for a second serial inter¬ 
face. 

software 

Author Warner claims that packaging the control¬ 
ler was the most time-consuming task and that soft¬ 
ware design was second. Judging from the 51 pages 
of program listing available, we might reverse that 
statement. The final excerpt contains some details 
on the program package. 

The software design was to include as many fea¬ 
tures as possible and to break the program into small, 
easy-to-follow modules. These modules can be called 
by the appropriate interrupt processor module, de¬ 
pending on the desired frequency of execution. It 
would not be difficult to add modules for new 
features. 

Modules communicate with each other (on the 
same and different interrupt levels) via semaphores, 
flags set in specific memory locations. Seven ex¬ 
tended-operation (XOP) instructions are included for 
I/O with a keyboard/printer. The hardware will sup¬ 
port a total of 16 XOPs, so users may add their own 
XOP routines. 

Hardware reset causes an entry into the initializa¬ 
tion section of the program. This initializes certain 
memory locations, I/O interfaces (including all inter¬ 
val timers), and the interrupt mask register in the 
9901. Once accomplished, the program enables in¬ 
terrupts and begins execution of the program's poll¬ 
ing loop. 

The following program names are those included 
in the program. The interrupt level routines handle all 
the repeater control functions. Three levels of inter¬ 


rupts are used. Level 1 is highest and occurs when 
the 9901 interval timer decrements to zero. Program 
segment C04 generates the CW ID tone on a Level 1 
interrupt. This will generate a 1 kHz tone for each re¬ 
peater. 

Interrupt handlers are similar. First the appropriate 
CRU output bit is set to indicate initiation of process¬ 
ing at the particular interrupt. Register 1, used as an 
index register, is loaded with the address of the 
parameter table for one repeater. The proper routines 
for that repeater are then called to operate on the 
parameters. When processing for one repeater is 
complete. Register 1 is re-loaded with the address of 
the parameter table for the other repeater, and the 
same routines are called again. When all processing 
for the interrupt level is complete, interrupt hardware 
is enabled for the next interval timer decrement- 
through-zero. The CRU bit, indicating process in 
operation, is reset and control returns to the inter¬ 
rupted routine. 

Level 2 interrupt is caused by the interval timer in 
the 9902 at U17. This timer is set to decrement 
through zero every 4.7 milliseconds. The routine 
labelled C01 is executed on a Level 2 interrupt and 
forms the ID tone length and beep. 

Main repeater timing occurs at Level 3, generated 
every 16.7 milliseconds. Some system functions, 
such as time of day and checking for remote shut¬ 
down, are executed only once per interrupt. All other 
repeater routines must be executed once for each 
channel. Routines R00, R07, and R09 are called only 
once while repeater routines R01 through R05, R08 
are called twice. 

When no interrupts are being serviced, the polling 
loop at 103 is operating. This loop checks for key¬ 
board inputs and checks flags that indicate printout 
of an hourly repeater status. Once each hour the 
interrupt level routines move the hourly status for 
each repeater to a print buffer, clear the next hour's 
status, and set a print request flag. The polling loop 
checks this flag and, if set, lists the status from the 
print buffer on the terminal. If both repeaters are 
enabled, 2-meter status is printed first. 

Each status line printout includes the hour, the 
number of seconds of total transmission, the number 
of QSO periods, timeouts and IDs issued. For status 
purposes, a QSO is defined as a period of exchanges 
separated by no more than thirty seconds. The last 
printout column is the number of receptions too 
short to bring up the repeater. 

reference 

1. 9900 Family Systems Design, publication LCC4400, Texas Instruments, 

ham radio 
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and 1 


6-meter amplifier 


A companion unit 
to the 2-meter 
i -meter amplifiers 


This six-meter amplifier is a companion unit to the 
2-meter and 1-1/4-meter amplifiers previously de¬ 
scribed in ham radio articles.’ All three amplifiers are 
built using the same chassis configuration originally 
described by K2RIW for a stripline kilowatt for 432 
MHz. 2 The 50-MHz version uses a conventional pi- 
network output with inductive tuning, and a coil sim¬ 
ulated half-wave line for its input section. Both the 
tetrode (fig. 1) and the triode (fig. 2) versions will be 
discussed. Like its predecessors, the 50-MHz ampli¬ 
fier uses parallel combinations of any of the 4CX250 
type tetrodes, the 8930 tetrodes, or the 8874 triodes. 
Metering and power supply connections are identical 
to the 2-meter and 1-1/4-meter amplifiers. Using a 
standard design for VHF/UHF amplifiers, a single 
power supply can be switched from one amplifier to 
another. Remote operation with a separate metering 
unit at the operating position or built into the power 
supply is another adaptation, useful particularly at 
432 MHz. 

These four 12 x 6 x 8 inch (30.5 x 15.2 x 20.3 
cm) power amplifiers for the four popular VHF/UHF 


By Fred J. Merry, W2GN, 35 Highland Drive - 
P.O. Box 546, East Greenbush, New York 12061 
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Amateur bands have been successfully duplicated 
hundreds of times. They are rugged and offer a 
proven performance developed by thousands of 
hours of testing and use over the past eight years. 
They provide flexible and reliable high-power opera¬ 
tion. 

By initially drilling and punching a set of chassis 
boxes for all four models (432, 220, 144, and 50 
MHz), an amplifier can be converted from one band 
to another. This might be achieved by using a quick- 
change mechanical procedure for the four separate 
frequency-sensitive circuit elements. 

construction details 

The essential dimensions for chassis drilling and 
punching are contained in the articles listed in refer¬ 
ence 1. This article covers only construction details 
peculiar to the 50-MHz amplifier. 

Referring to the schematic of the 50-MHz tetrode 
amplifier (fig. 1), notice that the two grids are con¬ 
nected by a copper strap between the sockets. The 


two anodes are paralleled by a brass or copper plate 
assembly which uses fingerstock for connection to 
the anodes, providing a mounting for the plate block¬ 
ing capacitors and a connection point for the high- 
voltage RFC. The dc circuitry is similar to that found 
in the previously described amplifiers. 

In the triode amplifier (fig. 2), the rf section is ex¬ 
actly the same as that shown in fig. 1 except that rf 
chokes are used in the filament leads and in the cath¬ 
ode bias lead. The cathode bias and metering cir¬ 
cuitry is conventional for a grounded grid amplifier. 
Two meters are used with the grid current meter on a 
non-locking switch to read plate voltage. 

control and safeguard options 

The optional circuitry shown in fig. 2 provides ex¬ 
amples of control and safeguard features which can 
be added to these amplifiers. The blower option pro¬ 
vides 120 Vac on pins 2 and 4 of the cable connector. 
This permits powering the blower from a receptacle 
on the amplifier chassis, rather than running a lead 
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Tetrode amplifier - front view. 


back to the power supply. An air switch is mounted 
in the blower air stream and connected via the 
blower connector to two power switches (one lock¬ 
ing and one non-locking) and to pin 7 of the amplifier 
connector. Pin 7 is the power relay operate lead in 
the power supply.' 

To turn the amplifier on, the locking-type power 
switch is switched to the on position and the non¬ 
locking (push-button type-momentary) switch is 
pressed to operate the power relay. The power relay 
energizes the power supply and provides 120 Vac 
on pins 2 and 4 to start the blower. With the blower 
up to speed, the air switch keeps the power relay ac¬ 
tuated. Once the push button is released, the power 
supply relay is under the control of the air switch. 
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Tetrode amplifier — rearview. 



Tetrode amplifier — upper chassis. 


plete this feature. Note that a ground on transmit to 
the amplifier control jack will apply operating bias to 
the amplifier only if the antenna relay is operated and 
the auxiliary relay (in this optional circuit) is released. 
In receive, 12 volts is applied through the winding of 
the antenna relay to the auxiliary relay winding. The 
auxiliary relay operates, but the antenna relay, which 
requires more current than the auxiliary relay, does 
not operate with the PA switched to the in position. 
A ground on transmit from the exciter causes the 
antenna relay to operate immediately and the auxil¬ 
iary relay to release after a slight delay. This prevents 
the amplifier from being “hot switched" and pro¬ 
vides additional protection for the rf amplifier in the 
receiver. A layer or two of cellophane tape on the 
pole piece of the antenna relay is usually required to 
guarantee release. More sophisticated antenna relay- 
control circuitry is desirable, however, for EME am¬ 
plifier applications. 

Construction and mounting arrangements for the 
various options are covered in the construction infor- 



Should the blower fail or not come up to speed, the 
power supply will automatically shut down, an im¬ 
portant safeguard considering the two hundred dol¬ 
lar price tag on 8874s. 

If excitation is applied with no plate voltage on the 
tubes, damage to the grid structure may result. The 
high-voltage fail-safe option provides a safeguard by 
using a transistor and a relay to open the bias control 
circuit if high voltage is not present. A 12-volt power 
supply for this feature is provided by a voltage dou¬ 
bling circuit from the filament line. 

The remaining option, shown in fig. 2, is used to 
operate a DPDT coaxial relay which can be mounted 
(with a coaxial adapter) on the output connector of 
the amplifier. The coil of the relay and a set of auxil¬ 
iary make-contacts are connected to the amplifier 
chassis via a four-contact connector. The 12-volt 
supply, auxiliary control relay circuitry, a power am¬ 
plifier (PA) in/out switch, and a control jack com- 
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Tetrode amplifier — lower chassis. 



of harmonic attenuation which no longer meets mod¬ 
ern RFI design requirements. A suitable LP filter de¬ 
sign for this 50-MHz amplifier is shown in the 1981 
ARRL Handbook, pages 7-11 (fig. 3A). Harmonic 
trap circuit construction is shown in fig. 3B. 

Information on the triode and tetrode amplifier 
power supplies has already been provided in the 220- 
MHz amplifier article.' 

construction — tetrode amplifier 

If you do not intend to use the chassis for the 50- 
MHz amplifier on any of the other VHF/UHF bands, 
omit the following in its construction: five holes 
(11/64 inch or 4.4 mm) in the right side of the upper 
chassis used for mounting the 2-meter plate line, four 
holes (7/64 inch or 3 mm) and one hole (5/8 inch or 
15.9 mm), on the rear of the upper chassis for 
mounting the rf output connector; two holes (7/64 
inch or 3 mm), one hole (3/8-inch or 9.5 mm) for the 
plate load control in the top plate, and the hole in the 
front of the lower chassis for the plate tune control. 
The remaining holes not used for 50 MHz can be 
drilled and disregarded or filled with 6-32 (M3.5) 
hardware. 



mation for the triode amplifier. Which options are 
chosen, and whether they are mounted inside or out¬ 
side the amplifier, is determined by the intended ap¬ 
plication and the builder's inclination. These options 
are also applicable to the 50-MHz tetrode amplifier 
version as well as to the other models of these ampli¬ 
fiers, already described. 

A lowpass filter or harmonic trap circuit is needed 
in the rf output to attenuate harmonics in the ampli¬ 
fier output. These amplifiers, even when operated in 
the linear mode, may have harmonic components no 
more than 40 dB down from the fundamental, a level 



Triode amplifier socket plate assembly — bottom view. 
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Triode amplifier socket plate assembly - top view. 


Fig. 4 shows the upper chassis drilling required for 
mounting the plate coil, variable load capacitor, rf 
choke, fixed load capacitor, and tune and load con¬ 
trols. Fig. 7 shows the drilling and punching for the rf 
output connector. This completes the chassis prepa- 


then assembling the upper chassis and grid box. 
Mount the sockets and install the plate line parts. Fi¬ 
nally, join the upper and lower chassis, make fila¬ 
ment and grid bias connections, and install the grid 
box parts to complete the assembly. 



ration. 

Details of the inductive tuning ring are shown in 
fig. 5. Fig, 8 gives the dimensions for the plate line. 
Fig. 9 provides information on the plate rf choke. 

The plate coil is wound with 1/4-inch (6.3-mm) 
copper tubing, four turns, 2 inches {50 mm) ID, 3-1/4 
inches (8.3 cm) long. The ends of this coil are flat¬ 
tened, bent and drilled 11/64 inch (4.4 mm), to 
mount the coil on 1-1/2-inch (3.8-cm) Teflon pillars 
midway between the top and bottom of the upper 
chassis. When construction is completed, the spac¬ 
ing between the turns of the plate coil is adjusted to 
provide the required tuning range. The tuning range 
with the inductive ring is in excess of 1 MHz. An ac¬ 
curate grid dip meter is useful for preliminary adjust¬ 
ment of turns spacing for the desired frequency 
range. The final adjustment of coil size to the desired 
range is made during the final rf testing. 

The assembly and wiring may be done in the same 
sequence used for the 144- and 220-MHz amplifier. 


Cathode box of triode amplifier viewed from rear of ampli¬ 
fier (toward front of amplifier). Note that toroid choke 
mountings are not exactly the same as fig. 6. 



by first assembling and wiring the lower chassis and Bottom view of cathode box of triode amplifier. 
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construction — triode amplifier 

Follow the directions for the tetrode amplifier con¬ 
struction for chassis drilling and punching, for the 
plate line and plate coil. The cathode tuned circuit for 
the triode amplifier is the same as that described for 
the grid circuit of the tetrode version. The holes in 
the grid box for the filament feed-through capacitors 
are relocated toward the bottom of the box to 
accommodate the toroid chokes (fig. 6). An addi¬ 
tional meter hole is punched in the lower chassis 
front on the right side. 

The tube sockets are mounted on a brass plate, as 
described for the 220-MHz triode amplifier. This as¬ 
sembly (fig. 10) lets you solder the grid collet 
(EIMAC part #882931) in position. Vent holes are pro¬ 
vided around the base of the tube; it's a good idea to 
have this assembly silver plated. The assembly is 
bolted in place in the same position as the two 630A 


sockets used for the tetrode amplifier. A brass strip 
(fig. 11) may be used to connect the cathode pins of 
the two sockets together. This strap is soldered in 
place after the socket plate has been mounted. Its 
position is such that the cathode socket pins pro¬ 
trude through the holes about 1/8 inch (3 mm). 

Alternatively, a small brass plate mounting a brass 
bushing (tapped 10-32) may be soldered to the cath¬ 
ode pins of each socket. This method of construction 
is more involved, but avoids soldering the grid strap 
in place after the socket plate is mounted. The grid 
strap is fastened by the 10-32 screws on each mount¬ 
ing plate. 



Triode amplifier bottom view to illustrate mounting of 
optional circuit features on terminal boards in lower 



fig. 10. Triode socket mount. 
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Output harmonic trap assembly. Three series traps — 100 
MHz. 150 MHz. and 200 MHz. Piston capacitor adjustment 
screws 13) protrude out the bottom of the box. 


Metering and other circuitry is mounted in the 
lower chassis, as shown in the photos. The vitreous- 
type resistors are mounted to the chassis wall. Other 
resistors and parts are mounted on terminal boards 
secured to the chassis with mounting spacers. 

The options shown on the triode amplifier sche¬ 
matic (fig. 2) are mounted as follows: 

The antenna relay connector is located on the right 
side of the lower chassis (rear). The small relay asso¬ 
ciated with this option is located in any convenient 
spot in the lower chassis. The various resistors, ca¬ 
pacitors, and other parts for the antenna relay con¬ 
trol circuit, the 12-Vdc supply, and the high voltage 
fail-safe circuitry are on terminal strips which are lo¬ 
cated in the lower chassis. 

The blower connector is located on the left (side) 
rear of the lower chassis. 

The PA'in/out switch, the power switch, and the 
non-locking switch to start the blower are located on 
the front of the lower chassis. 

In assembling and wiring the triode amplifier, fol¬ 
low the same pattern described for the tetrode ampli¬ 
fier — lower chassis parts mounting and wiring first 
— upper chassis and cathode box, tube socket as¬ 
sembly, plate circuit parts, joining upper and lower 
chassis, cathode parts, and the final wiring steps. 

automatic load control 

An ALC circuit Ifig. 12) has been added as an op¬ 
tion to the triode amplifier. The parts within the grid 
box are mounted close to the rf input connector. A 
bias winding is required on the high-voltage trans¬ 
former, or a separate small transformer is required to 
provide the + 56 volts threshold control voltage. The 
bias voltage parts can be mounted in the power sup¬ 
ply chassis on a terminal board. 
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9 MHz CRYSTAL FILTERS 


XF107-B 

XF107C 

XF107-E 


LOW NOISE RECEIVE CONVERTERS 


, NJMk169l-l2 
MMk 1296-144 
MMc435-28(S) 


432/435. , . ■< 

439 A#V _ 

220Mtfz". 'ft * h> l f ' p .'/!%. MMc220-28 69.95 

144 MHf “ ■ % “ MMc 144-28 54.95 

Options: LoW'NF tf.QdBmax,. 1.25 dB max,), other bands & IF’s available 

LINEAR TRANSVERTERS 

1296 Ml^t ; 1.3 W output. 2M In MMM296-144 $374.95 

432/435 10 W output. 10M In MMt435-2B(S> 299.95 

144 MHz 10 W output, 10M In MMM44-28 199.95 

Other bands & IFs available. 

LINEAR POWER AMPLIFIERS 

1296 MHz 10 W output 

432/435 100 W output 



ANTENNAS 

420-450 MHz MULTIBEAMS 

48 Element 70/MBM48 15.7dBd 

88 Element 70/MBM88 18.5 dBd 

144-148 MHz J-SLOTS 
8by8Vert pot D8/2M-vorn2.3dBd 



(617)263-2145 
SPECTRUM 
INTERNATIONAL, INC. 
Post Office Box 1084 
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table 1. Typical operation tetrode amplifier. 


plate plate power 

current voltage output 


0 0 

2.5 0 

5,0 0 

10.0 0.002 


0 0.100 

0 0.260 

0.003 0.430 

0.027 0.600 


2150 0 
2010 177 
2000 470 
2000 800 


filament volts - 6.07 grid volts = 64 screen volts = 315 


table 2. Typical operation triode amplifier. 


drive grid plate 

power current current 

0 0 0.040 

2.5 0.002 0.210 

5.0 0,004 0.300 

10.0 0.025 0.380 

filament volts 6.12 


voltage output 

2300 0 
2100 140 
2050 285 
2050 540 


operation 

The 50-MHz amplifiers tune and load in a conven¬ 
tional manner. Make initial adjustments with low 
drive power. Final adjustment of the grid (or cath¬ 
ode! tuning is made for lowest SWR toward the drive 
source. Final adjustment of the plate tuning must be 
done at full power output in order that the load con¬ 
trol may be set at its optimum position. 

Tables 1 and 2 show typical operation of the tet¬ 
rode and triode amplifiers. 

references 

1 Fred Meny. W2GN, "Stripline Kilowatt For Two Meters." ham radio. Oc 
lobar, 1977 Also, "Siriplmo Kilowatt to, 220 MHz." ham radio. April. 1982. 

2 Richard T Knadlc. Jr . K2RIW. "A Stripline Kilowatt lor 432 MHz." 
QST. April, 1972. page 48; May. 1972. page 59 

3 ARRL Handbook. 1981. pp 7 11 
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FSK tone generator 
using an integrated tone 
dialer 

Have you ever thought about rede¬ 
signing or building an FSK (frequency 
shift keying) tone generator? If so, 
you are not alone. How many FSK 



fig. 1. Schematic for the FSK tone generator. 
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generators have you seen that use an 
integrated circuit? To my knowledge 
there aren't very many. 

Here is an easy way to build a cir¬ 
cuit using a TouchTone™ chip which 
generates the frequencies needed for 
FSK. This circuit is connected be¬ 
tween the teleprinter and transmitter. 
There are four main areas in con¬ 
structing this circuit: the integrated 
tone dialer chip, switching circuit, fil¬ 
ter, and amplifier. See fig. 1. 

frequencies 

Both frequencies are generated by 
a Mostek MK 5086N 1C chip. Pin 9 is 
used for space at 1 !633 kHz, and pin 5 
as mark at 1.47 kHz. A 3.579545 MHz 
television color-burst crystal is the 
frequency-determining element for 
the chip. To simulate keyboard oper¬ 
ation, tie pins 14 and 13 to pin 5 and 
pins 12 and 11 to pin 9. This makes 
the Mostek think it is being switched 
by a keyboard. 

Transistors in a switching circuit 
determine if a space or a mark is sent. 

filter and amplifier 

An op amp provides a small 
amount of needed gain. A lowpass 
filter is used to reduce the harmonic 
content generated by the Mostek 1C 
chip. This filter can be made by plac¬ 
ing a capacitor across pins 2 and 6 of 
the op amp. 

This circuit was constructed by 
Charles Aron, Ney Vew, and David 
Nagel at Northern Montana College 
in Havre, Montana. Special thanks 
are also given to Lee Barrett; without 
his time and advice this project would 
not have been possible. 

David Nagel 
Havre, Montana 


capacitive-reactance 
meter multiplier 

Recently I saw a large commercial 
type 0-150 Vac voltmeter in mint con¬ 
dition — just what I needed for my 
station control panel to monitor line 
voltage. However, the external series 
resistance was missing. Well, the 
owner sold it to me for $2.50, as he 
admitted it didn't have too much 
value as it was. I discovered it would 
need an external 15-watt series resis¬ 
tance of about 1500 ohms. I decided 
to use a capacitor of the same reac¬ 
tance instead of using a resistance; 
reactances do not dissipate power 
and I would save energy. 

The calculation for finding the re¬ 
quired reactance is: 

C = 1,000.000/(6.28)(J)(XC) 


where / is the line frequency, in this 
case 60 Hz, Xc is the desired reac¬ 
tance in ohms equal to 1500 ohms, 
and C is the required capacity in /i F. 

C = 1,000,000/(6.28)(60)(1500) 

= 1.77 nF 

The theory and application worked 
fine. I used a good accurate ac volt¬ 
meter as my calibration standard. By 
paralleling a few small non-electrolyt- 
ic fixed condensers from my junk 
box, it was easy to make my meter 
read the same. The real advantage of 
using condensers is that the power 
drain on the line is practically negligi¬ 
ble. Naturally, the calibration is good 
only for the 60 Hz line voltage you are 
monitoring. 

William Vissers, K4KI 



f ig. 2. The capacitor changes to the N6RY diplexer mods. 


diplexer mods 

You can diplex high frequency to 
go above 28 MHz (refer to N6RY's ar¬ 
ticle on page 71 in the December, 
1980, issue of ham radio). By building 
up the VHF part of the two boxes and 
changing a couple of the capacitors 
in the high frequency side of the 


boxes, you can operate 10 and 2 or 10 
and 220, or 6 and 2 or 6 and 220 me¬ 
ters at the same time. You can also 
add 6 or 10 meters to your 2 or 220 re¬ 
peater by adding a box and an anten¬ 
na on top and a box and a repeater or 
remote base on the bottom. All addi¬ 
tions use the same feed line. The ca¬ 
pacitor changes are shown in fig. 2. 


If you have a 6-meter rig and want 
to go mobile, but can't find a spot to 
mount another antenna, try a 5/8 
wave 2-meter antenna and check the 
SWR. If it is low on 6, just add the 
box between the 6 and 2-meter rigs 
and connect it to the same antenna. 

Robert McWhorter, K5PFE 
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simple diode tester 

I recently had to check the peak in¬ 
verse voltage of some surplus diode 
units. Searching for a suitable device, 
I decided to use a high-resistance 
transformer acquired at a flea market 
sale. This particular unit had a high 
resistance secondary (over 600 ohms) 
which precluded its use for service in 
a power supply unit supplying more 
than minimal power. This was hooked 
up as shown (fig. 3), in a simple full- 
wave doubler circuit, and provides 
over 1,000 volts dc from a secondary 
rated 400 volts ac. 

There are two methods for check¬ 
ing diodes for PIV. One method is to 
increase the test voltage until there is 
10 n A of reverse current (for a 1- 
ampere diode) and then to rate the 
diode at a safe peak inverse voltage 
of 20 percent lower. The method I 
prefer is to calibrate for a PIV of that 
value attained when 5 /iA of reverse 
current flows. Either way gives a sat¬ 
isfactory rating for diode breakdown 
voltage, see fig. 4. 

Any multimeter with a basic sensi¬ 
tivity of at least 5,000 ohms per volt 
can provide the needed test current, 
since the basic limiting resistance is 
present in the meter's multiplier resis¬ 
tance . A convenient method of check¬ 
ing voltage at the same setting is to 
simply short out — with an insulated 
screwdriver — the terminals across 
the diode being tested. The high- 
resistance secondary precluded the 
need for any limiting resistors in the 
circuit, and the low-capacity filter ca¬ 
pacitors cause the output voltage to 
drop sharply under load, tremendous¬ 
ly reducing the hazard of testing with 
high voltage sources. 

Neil Johnson, W20LU 
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improved logic probe 

I was considering buying or build¬ 
ing a logic probe to complement my 
dual channel scope when trouble¬ 
shooting my homemade microcom¬ 
puter. The August, 1980, issue of 
ham radio finally convinced me to 
build my own version. 

The following specs were essential: 
indication of high-low-open condi¬ 
tions; capture-stretching short-posi¬ 
tive or negative pulses; operation at 
TTL (5V) and at CMOS (5-15V) levels; 
high and low should be indicated at 
the specified levels for each logic 
family and every voltage, that is, 0.8 
and 2.5V for TTL and 1/3 V cc and 2/3 
V cc for CMOS. 

I took two ideas from N6UE's arti¬ 
cle’ in the August issue on page 38: 
using the 555 timer and voltage regu¬ 


lation for the display LEDs? I met the 
requirements of the first, third, and 
last specs by using National Semi¬ 
conductors' 339 quad, single supply 
comparator? I obtained the required 
reference levels from a voltage divid¬ 
ing network and a switch, which 
modifies the resistor values to suit 
TTL-CMOS levels. See fig. 5. 

Comparators a and b serve as a 
window detector, both being high in¬ 
side the forbidden voltage region, 
while going low at a high or low in¬ 
put. A low from comparators a and b 
is used to drive the high (red), and the 
low (green) LEDs. The negative tran¬ 
sitions are differentiated and ORed by 
the remaining two comparators, and 
applied to the 555 for stretching. The 
timer drives the pulse (orange) LED. 
An LM309 TO-5 voltage regulator 


provides protection for the LEDs 
against voltage rise. 

I wired the prototype on a piece of 
Veroboard. As I lack a PC board pro¬ 
duction capability at home, I decided 
to stay with the prototype. 

Tests indicate that the probe oper¬ 
ates as required up to about 250 kHz 
square wave input. The minimum 
captured pulse width is about 4 /is. 
These results are close enough to the 
specified delay through the compara¬ 
tors to indicate that speed-pulse 
width limitations could be reduced by 
using faster comparators. 

references 

1. R.S. Isensori, N6UE, "Digital Logic Probe," ham 
radio, August, 19B0, page 38. 

2. Signetics NE555V data sheet. 

3. National Semiconductors LM339A data sheet. 

J. Rozenthal 


me . earn 



fig. 5. The improved logic probe. 
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FORECASTER 


spring DX 

The powerful DX months (around 
the equinox) are here for us to try 
again. Over the years March and April 
have provided excellent 6-meter 
openings on transequatorial (TE) 
paths. Using 6-meter openings as a 
criterion for the higher-frequency- 
band DX, last year didn't have as 
many openings as 1981, but the 
opening on March 4 was acclaimed 
the best in years in West/ink Report. 
The March 4 opening was a period of 
high solar flux and geomagnetic dis¬ 
turbance, which probably influenced 
the TE (one-long-hop) propagation. 
April was also roaring with TE open¬ 
ings from the southern U.S. to South 
Africa, South America, New Zealand, 
and Australia. The other openings in 
April were not so pronounced, as the 
solar flux was lower. However, four 
large disturbances (April 2, 11, 25, 
and 29) and two smaller disturbances 
(April 17 and 21) increased the ioniza¬ 
tion near the geomagnetic equator 
for high maximum-usable frequencies 
for TE. 

This year's 6-meter openings may 
be fewer in number since we are al¬ 
ready near the half-way point on the 
down-side of cycle 21. The sunspot 
number should be about 75 (123 flux 
units). The second maximum 1981- 
82-83) period of geomagnetic-iono¬ 
spheric disturbance in cycle 21 is ex¬ 
pected to be the dominating factor 
for openings this year. These dis¬ 
turbed periods during April are ex¬ 
pected around the 5th, 15th, and 
23rd. The latter is the longer recurrent 
type (see February, 1982 DX Fore¬ 
caster). 

last minute forecast 

The higher segment of the h-f 
bands (6-30 meters) will probably be 


best during the middle of the month. 
Watch for the high radio flux and dis¬ 
turbance numbers from WWV at 18 
minutes after the hour. On the lower 
bands (30-160 meters)? night DX will 
be best during the first and last weeks 
of the month, particularly in-between 
the springtime frontal thunderstorms 
when QRN should be low. Your fa¬ 
vorite TV weather forecaster will 
show these fronts moving across 
your QTH. 

The perigee of the moon's orbit 
(for moon-bounce DX) is on the 21st 
at 2100 hours; the moon will be at full 
phase on the 27th at 0631 hours. 
There will be a short meteor shower, 
the Lyrid, on April 20-22. The rate is 
five per hour, hardly a real help for 
meteor-scatter DX. But a bigger 
shower, the Aquarid, starts before 
the end of the month, peaks on May 
5, and ends by mid-May. Its rate is 10 
to 30 per hour. 

band-by-band forecast 

Six meters may provide occasional 
band openings with a peak during the 
late afternoon hours. Transequatorial 
north/south paths will be the best. 
Your guide to good conditions are 
strong openings on 10 meters with 
high values of solar flux and A and K 
geomagnetic indices. 

Ten and fifteen meters will be open to 
many areas of the world from morn¬ 
ing until early evening hours most 
days. Times of geomagnetic distur¬ 
bances will limit the number of sig¬ 
nals heard, but listen carefully — they 
can be from very unusual places. Fif¬ 
teen meters should stay open later in 
the day than 10 meters. Operate 10 
first and move down to 15. More 
hours of daylight means earlier band 
openings and longer periods of oper¬ 
ation. 


Twenty meters will be the main day¬ 
time DX bands, as it is almost always 
open to some part of the world. It 
opens to the east as the sun rises and 
extends into the late evening hours to 
the west. Geomagnetic disturbances 
do not affect this band as much as 
the higher ones, but look for unusual 
transequatorial DX propagation once 
in a while. One-hop transequatorial 
DX of 5,000 to 7,000 miles (8,000 to 
11,200 km) may be possible in the late 
evening hours during some of these 
unusual conditions. 

Thirty meters is a day and night band. 
The day portion should be like 20 me¬ 
ters except the signal strengths may 
decrease during midday on some 
days. Days of decreasing strength 
should be those with high solar flux 
values. This band will also work well 
into the night, often through the 
night. Nights this doesn't hold true 
will most likely follow a day with a 
very high solar flux value. The prob¬ 
lem time is usually the hour or so be¬ 
fore dawn. The workable distance 
may be expected to be greater than 
80 DX at night and less than 20 during 
the day. 

Forty and eighty meters will exhibit 
short skip conditions during daylight 
hours and lengthen after dark. The 
bands will open to the east just before 
your sunset, swing more to the south 
toward Latin America about mid¬ 
night, and end up in Pacific areas dur¬ 
ing the hour or so before dawn. On 
some nights these bands will be as 
good as during the winter DX season. 
The coastal regions usually have the 
edge for working rare DX on these 
bands. 

One-sixty meters will probably bring 
many nights that will remind you of 
last summer's noise. However, many 
good nights are left for working DX 
before this summer's noise comes to 
stay. Propagation on 160 meters will 
approximate a shortened 80-meter 
condition. 

ham radio 

•Editor's note: 30 meters because of its unique place 
in the h-f spectrum and characteristics is discussed in 
both sections (higher/lower segments) of the h-f 
band forecast. 
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Price is $69.95 retail. For more information, 
contact your local dealer or MCM direct at 858 
E. Congress Park Drive, Centerville, Ohio 
45449. Reader Service Number 301. 

N1ACH 


radio teletype and CW 

With the Super-Ratt radio teletype and CW 
program for the Apple II, you can have your 
own Radio Bulletin Board System (RBBS) sta¬ 
tion on-line quickly and easily. 


Ameco multimeters 

Ameco Equipment Company announces 
preliminary specifications of its new line of 
Ameco multimeters. Multimeter Model M-300 
(available immediately) features highly sensi¬ 
tive 20K ohms/Vdc and 10K ohms/Vac; gold- 
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Ranges for dc voltage: 0-0.25. 1. 2.5, 10. 25, 
100, 250, -1000 V; ac voltage: 0-10, 25, 100. 
250, 1000 V; dc current: 0-50, 500 /,A. 5, 50, 
500 mA; resistance: 0-6K olims, 60K ohms, 
600K ohms, 6M ohms. Volume level: - 22 dB 
to + 22 dB to + 62 dB in five ranges. Size and 
weight: 5.5 inches high x 4.3 inches wide x 
1.6 inches deep. 

Model M-300 is a high quality, highly sensi- 


meter comes complete with battery, spare 
fuse, test leads, and instruction manual. Model 
M-300, completely wired and tested, $28.95. 

Ameco LCD digital multimeter, Model 
D-200, features high-contrast, large 1/2 inch. 
3-1/2 digit LCD display; automatic polarity; 


RT-1100 receive terminal 

DGM Electronics has just introduced the 
RT-1100 Receive Terminal for Baudot. ASCII, 
and Morse. The RT-1100 converts the audio 
from your receiver, decodes it, and displays the 
words on a video monitor or TV set fusing rf 
modulator). The RT-1100 incorporates an ac¬ 
tive filter demodulator with scope tuning out¬ 
puts. It will copy 170, 425, 850 Hz shift RTTY 
signals at speeds of 60, 66. 75, and 100 WPM 
on Baudot and 110 baud on ASCII. The unit 
will copy 6-60 wpm Morse signals using auto¬ 
matic or manual speed tracking. 

The RT-1100 has a parallel ASCII printer out¬ 
put for hard copy. The video output provides 
sixteen lines of thirty-two characters per line 
with two pages. The second page is stored in 
memory and can be recalled by using the page 
1-2 switch on the front panel. The unit has a 

an attractive 3 x 10 x 10-inch case with 
brushed, anodized front and rear panels. The 
cover is a grey wrinkle finish. The unit comes 
with a one-year warranty on parts and labor. 

For more information, contact DGM Elec- 


!NEW! 


KEIMWOOD 






























PB RADIO 

1950 E. Park Row Arlington, Texas 76010 

★ SPECIALIZING IN: ★ 

MDS Receivers & UHF Decoders 


MDS COMPLETE COMMERCIAL UNIT.$169.95 

MDS SLOTTED ARRAY ANTENNA KIT.$25.00 

MDS DOWN CONVERTER KIT.$28.50 

MDS COMPLETE POWER SUPPLY.$35.00 

‘SPECIAL NE64535 TRANSISTORS.$6.50 

UHF DECODERS: FV 3 INSTRUCTIONS.$5.00 

FV 3 BOARD $30.00 FV 3 1C CHIP KIT $50.00 

ZENITH 9-151-03 TUNER.$79.95 

BOX $19.95 DELUXE BOX $24.95 

POWER SUPPLY KIT.$24.95 

EDGE CONNECTORS.$2.95 


SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DEXCEL 
RECEIVERS, LNA’S & CHAPARRAL P0L0R0T0RS. SEND SI.00 
FOR MORE INFORMATION. 

INFORMATION CALL 817-460-7071 ibbi 

ORDERS ONLY CALL 800-433-5169 1h=bI M 



socket is etched with the frequency range for 
that particular radiator. Ten mounts are avail¬ 
able to be used with the five different radiator 

The short 8-inch whips for 25-54 MHz incor¬ 
porate a wire-wound base-loading coil and heli¬ 
cal-style radiator in six different frequency 
steps. Tuning has been eliminated and fragile 




diameter 17-7PH stainless steel whip incorpo- 

base fitting. This spring allows the whip assem- 

radio attached to his belt. The 1/4-wavelength 
Portasuader was designed to replace the tele¬ 
scopic antennas, which bend or break or sim¬ 
ply do not telescope' properly. As a further ad¬ 
vantage, the 1/4-wavelength Portasuader an¬ 
tennas exhibit a practical 10 dB gain over the 
helical or fat helical antennas. 

The frequency range is covered in seven fre¬ 
quency steps, thus again removing the need 
for field tuning. UHF stubby helical whips and 
1/4-wavelength speedometer cable antennas 
are available as radiators in five frequency 
ranges between 406-512 MHz. An 800 MHz 
1/4-wavelength speedometer cable antenna is 
currently available. 

These Portasuaders are constructed from 
heavy copper-plated springsteel that isscrewed 
onto the base fitting and then soldered to en¬ 
sure electrical contact. Both helical and speed¬ 
ometer styles are insulated by coating in a 
multi-stage process. The special process guar¬ 
antees a solid section of material with mini¬ 
mum voids and high finish gloss. The coating is 
designed to remain flexible, retain its resilience 
at - 40 degrees F and not to soften at 200 de¬ 
grees F. 

For further information, contact Randy 
Friedberg, Vice President, Antenna Incorpo¬ 
rated, 26301 Richmond Road, Cleveland. Ohio 
44146. Reader Service Number 308. 
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high resolution SSTV 


PERFORMANCE 

VERSATILITY 

CONVENIENCE 


using curreni standards. In wo separate high 
resolution modes, the TV picture uses the full 
256 TV lines and 256 picture elements (pixels) 





The HAL ST6000 has them all: 

• performance to copy the weak and distorted signal 

• versatility to match a variety of I/O interfaces 

• convenience for simple but accurate operator use 
All this at half the price of comparable-performance 
units. 

PERFORMANCE: 

• Optimized active input, discriminator, and low-pass 
filters. 

• Crystal tone keyers match discriminator filters. 

• Hard-limiting FM or AM types of operation. 

VERSATILITY: 

• Interface current loop circuits; built-in loop supply. 

• RS-232C and MIL-188 data I/O connections. 

• CMOS pre- and post-autostart data I/O data connections. 

• Available for low, high, marine-compatible, and special 
tones. 

CONVENIENCE: 

• Hard-limiting operation for simple but effective 
operation. 

• Tuning oscilloscope for precise receiver tuning. 

• ATC, DTH, KOS, autostart, and antispace features. 

• Operate 120/220 VAC, 50/60 Hz; table or rack moupt. 

• Solid state design with proven field-tested dependability. 
Write or call for more information on the HAL ST6000. 


m 


HAL COMMUNICATIONS CORP. 

BOX 365 

URBANA, ILLINOIS 61801 217-367-7373 



j DOPPLER SYSTEMS, 


















How come you’re not on 30 meters? 

There’s no excuse with KLM’s 
New 30M-2 and 30M-3 Antennas! 

Two new antennas from KLM using their low loss 
linearly loaded elements. Small physical size with 
full size performance. Exclusive “Maxi-Match” for 
direct 50fl coaxial feed. 


INEWI 

products 


30M-2 (2 element Yagi) 

Gain 4.5 dBd 

'FIB 12 dB 

SWR less than 1.5-1 

across band 
Boom Length 12' 

Max. Elem. Length 34' 

Wind Load 4sq.ft. 


30M-3 (3 element Yagi) 

Gain 7 dBd 

FIB 20 dB 

SWR lessthan 1.5-1 

across band 
Boom Length , 24' 

Max. Elem. Length 34' 

Wind Load 7 sq. It. 


Available now. Stop by your local dealer for more information. 
Maximize your performance today with a 10 MHz KLM Beam Antenna! 


KLM 


PO Box 816 • Morgan Hill, CA 95037 • (408) 779-7363 


The Videoscan 1000 is available as a com¬ 
plete kit for $595.00 or wired and tested for 
$795.00 plus $6.00 for shipping. 

For more information, contact Mictocraft 
Corporation, P.0. Box 513, Thiensville, Wis¬ 
consin 53092. Reader Service Number 309. 


improved 225-400 MHz 
scanner converter 

The CVR-1B Scanverter includes a built-in 
preamplifier for increased sensitivity. It allows 
complete coverage of the 225-400 MHz mili¬ 
tary/federal government aircraft band when 
used with a standard aircraft band scanner 
"Bandstacking" allows the entire 175-MHz- 


FREE! CABLE LOSS CHART 
IN WINTER CATALOG 

NEMAL ELECTRONICS 

COAXIAL CABLE SALE 

POLYETHYLENE DIELECTRIC 


HG59/U 100% Ion snwltl IV type (57 00/ tool 01 
HEAVY DUIY mior C.1DIC 2-16 rja 5 18 ga 
ftolor 18 p 6-?? ip 

( CONNECTORS MADE IN USA 


UB 273 BMC PI.2M Amphenol ^ ^ $3 00 

Call or write for Free Catalog 
shipping 

Cubit — S3.00 1st 100 II; $2-50 aacft add’/100 ft. 
Connectors — add 10%. S 3.00 minimum. 



Electronic Specialists, Inc. 

171 South Main Street. Natick. MA 01760 
Technical & Non 800 1-617 655 1532 
















Amateur data display, 
DTU-12 

Get a clean, crisp computer-quality data dis¬ 
play for your next ham-project with a DTU-12 
from Doironix, Inc., available in kit, chassis, or 
chassis ac power versions, either P4 (white) or 
P31 (green) phosphor. It requires only 12 volts 
at 1.5 amperes, and standard TTL horizontal 
and vertical control signals with 2.5 volts video 
drive, The scan rate is 15,750 Hz. Interface is 
made through ten-pin edge-card connector, 

The kit costs $85.00 ICRT/circuit only); 
chassis $95.00; ac supply $35.00 (for chassis 
version). 

For additional information, contact Dotron- 
ix, Inc , 160 First Street S.E., New Brighton, 
Minnesota 55112. Reader Service Number 312. 


programmable CTCSS 
encoder 

A miniature encoder has been introduced by 
Ferntronics. Inc , featuring quartz-accurate 


nations ate available: the FT303A. which is 
programmed by cutting wire loops; and the 
FT303B. which uses a dipswitch lor program 
trting. The encoder measures 0.9 x 1 • 0 4 
inch and draws less than 7 tnA. Mourning 
holes and color-coded lead sei make installs 
lion simple. 



For further informalion, contact Tom Whit 
ney at Ferrirronics, Inc.. 222 Newkirk Road, 
Richmond Hill. Ontario L4C 3G7. Canada. 
Reader Service Number 313. 

two-meter mobile 
transceiver 

The TR-7950 and TR 7930 are identical in 
features except for rf output: 45 watts for the 
TR-7950. and 25 watts for the TR 7930 Their 



ATTENTION 
RADIO DEALERS 


Send for our free catalog on 
commercial, industrial, marine. 
Amateur and CB products 


(512) 734-7793 
733-0334 

2317 Vance Jackson 
San Antonio. TX 78213 

>/• no 


Amateur Radio Today 

J Jk Mini-Magazine offering timely 
material on a professional basis for all 
active Radio Amateurs. A.R.T. is six 
full-size pages, produced bi-weekly on 
high quality stock using magazine pro¬ 
duction techniques. Money back guar¬ 
antee for your S26/yr. subscription or a 
quarterly trial (six issues) for S5. Check 
what we've covered recently: 
s 10.1 MHz opens for Amateurs How low 
should your transmitted wave angle be? ** 
j CQWW phone and cw contests Sweepstakes 
✓ Cordless telephones ^ FCC ideas on 1500 
watts output Manufacturer responses to 10.1 
I MHz equip, mods. Six-meter openings e* 

I How to calculate your system noise figure ^ 
Worldwide network of 20-meter beacons ** 000 
1 MHz ssb - 160-meter DXing Big antennas at 
IK2GL e- Antenna heading calculations ^ 
Review of Yacsu FT-102, ICOM-740, and others 
\ >' How Packet Radio works e- Meteor scatter 
K- The Satellite Program ^ Interview with 
Madison Electronics ^ and much, much more! 

Amateur Radio Today ^ <07 
Post Office Box 6243H, Wolcott, CT 06716 


NEW NEW NEW 

COMPUTER SAVER 

Do you have 8 ot more interlace cards you 
use occasionally out bale to keep teat trig in¬ 
to yout computer to (jet at them and risk 
damaging Iliem7 
I hen Switch-A-Slot is lor you 1 
Switch-A-Slot lets you select up lo 4 cards 
tot each port Select the card to tun with 
the turn ol a switch NO new programming 

Switch-A-SIot 

SAVES power tonty me cam mat s'on draws 
PROTECTS Ifctm being uanMyert Uy slain; 



INTRODUCTORY PRICE $155 

Please send orders with payment to 

BIT “O” BYTE 

PO Box 60972, Sunnyvale, CA 94088^ m 















































PERSONALIZED 

AMATEUR RADIO 
y WINDOW DECALS 

r * AMATLUR RADIO 
UR CALL 

Beautiful — Durable 

These personalized decals will adhere io 


COLORADO: The Grand Mesa Repeater Society's fourth 
annual Western Slope Swapfest, Saturday, April 2. 10 
AM to 4 PM, Plumbers and Steamfllters Union Hall, 2384 

in on 146.22/ 82 For information SASE to Bill Brown. 


ILLINOIS: The 17th annual Rock River ARC Hamlest. 
Sunday. April 10. Lee County 4-H Center, one mile east 
Of jet. 52 and 30. south of Dixon. Doors open 6:30 for 
dealers: 7:30 general public. 6 ft. tables available $5.00 
Advance ticket donation $2. at gate $2 50. Food. Camp- 


BUTTE|RNUT 
ELECTRONICS 
COMPANY 


DELCRAFT CO. 

PO Box 148. Westland. Ml 48185 


LOUISIANA: The Baton Rouge Amateur Radio Club's 
Catholic High School. 855 Hearthstone Drive, Baton 

plox. For further information; BRARC. PO Box 4004, 
Baton Rouge, LA 70821. 


April 10; Ihe largest Indoor Ham Flea Market In New Eng- 

St (Route 126) in downtown Framingham. Doors open at 
10 AM, sellers setup starting al 8:30. Admission $2. 
Tables $10 (pre-registration required). Talk in on 75/15 
and 52 direct. Radio equipment, computer gear, bargains 

Driscoll Drive, Framingham. MA 01701. 


tionai Church of Weiiesley Hills. 207 Washington S 
Wellesley Hills, intersection of Routes 9 and 16. C 


MICHIGAN: S.E.M.A.R.A.. Tne Southeastern Michigan 
Amateur Radio Association’s 25th annual Hamlesl Swap 


:E OF AMERICA 

1341.330 Independence Ave, $ W 
unglon, DC 20547 


NEBRASKA: 
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Antennas ... Antennas ... Antennas 

Our May Issue has historically been our antenna issue and this year will be no exception. Within the pages of this, our fattest issue in a 
long time, are twelve articles on antennas of all sizes, shapes, and applications. Let me, if I may, be your guide through the next 136 
pages or so and provide you with a summary of the various articles contained within. 

We start with part one in a series of articles on phased vertical antennas by Forrest Gehrke, K2BT. Forrest, you may recall, pro¬ 
vided us with "A Precision Noise Bridge" in the March, 1983, issue of ham radio. He, like so many of us, is not satisfied with copying 
previous designs and letting it go at that. He must look into things, carefully examining the technical reasons for the correct operation 
of devices. It is with that approach that he examined the interrelated properties of phased vertical arrays — perhaps more closely than 
has ever before been done in the pages of a ham journal. 

Part one of the series explores incorrect assumptions accepted by many (and unfortunately used by many) in their designs of 
antenna systems. Foremost among these incorrect assumptions is the concept that mutual coupling between elements can be ig¬ 
nored. Following close behind is the argument that, if an array requires equal current drive, then driving each element with equal 
power will always satisfy that requirement. Forrest leads us from the theoretical design to actual drive-network hardware, and shows 
us how a repeatable 30 to 40 dB F/B ratio is achieved. Like W2PV's series on Yagis, Forrest's series on phased verticals will be both 
interesting and useful. 

K4MT shows us how it is possible to use one wire array over the widest (percentage bandwidth) Amateur band while not exceeding 
a 2:1 VSWR. His stagger-tuned dipoles cover the 13.3-percent-wide 80-meter band, producing a W-shaped SWR curve. This same 
design technique is easily applied to 160, 40, and 10 meters with their percentage bandwidths of 10.5, 4.2, and 5.9 percent, re¬ 
spectively. 

For a change of pace, a few shorter articles by K9CZB, AA6PZ, W6SAI, and WA8DXB illustrate interesting ways of providing 
superior performance with little expenditure of time or money. K9CZB shows how an auto replacement antenna and a CB whip can 
combine to give broadband, durable mobile capability on the 20-meter band. AA6PZ illustrates three different 2-meter antennas or 
improvements that are lightweight and easy to build. His last design is a 10-dB-gain collapsible four-element Yagi. This weekend pro¬ 
ject will help you raise those distant repeaters that your handheld previously struggled to access. W6S Al brings us back to basics with 
his discussion on the various shapes and gains associated with loop antennas. He provides, in "Ham Radio Techniques," design data 
for two-element quads for the 10, 15, 20, and 40 meter bands. WA8DXB, in order to increase his station performance to Asia, repro¬ 
duces a four-element 20-meter collinear that holds its own against some impressive high-gain Yagis — without going above 16 feet. 

W7DH0 brings us back to verticals with his examination of five different 1/16-wavelength-high shortened verticals. He compares 
top loading, top and base loading, center loading, and base-only loading. He quantitatively shows us how to compute the relative 
field strength of each antenna with respect to a reference quarter-wave, without actually erecting any antennas. An eye-opener is his 
calculation showing a difference of over 20 dB in performance between a base-loaded vertical and its full-sized quarter-wave coun- 

John Belrose, VE2CV, a name familiar to many of us, walks us through a design of a highly efficient radiator known as a grounded 
monopole with elevated feed. This off-center-fed antenna is useful on six Amateur bands (for that matter, it can be used over the 
entire 3-30 MHz hf spectrum) and does not require traps. Its best feature is that it produces low-angle radiation at all frequencies. 

W3EB explains the significance of his 10/11/12 number sequence in his article "Log-Yagis Simplified." Imagine a IO meter anten¬ 
na that achieves 11 dB (dipole) gain using only a 12-foot boom! He shows how, and creates even more interest in his longer beam 
designs with up to 15 dBd gain. He emphasizes the importance of maintaining close tolerances and using careful workmanship. 

Broadcasters have been doing it for years: K3ED, in borrowing some of the same principles, shows how to produce steerable nulls 
with theoretically infinite attenuation in his article "Achieving the Perfect VHF Antenna Null " Construction details are provided for a 
trombone-type, adjustable-length phase line made from readily available hobby shop brass tubing supplies. It. and a variable-ampli¬ 
tude JFET preamp, are the main components for an electronically controllable antenna system of extremely high F/B ratio. If a partic¬ 
ular direction must be locked out or nulled (as in some repeater applications), the same electronic-control can be used in a 
transmitting array. 

Also on the subject of repeaters, K7NM shows how a low-signal condition known as shadowing can be reduced by judicious 
choice of the high site antenna. His rugged four-pole collinear uses progressive phase delay sections to tilt the beam pattern down¬ 
ward. This reduces overshooting the desired coverage area and cuts back on wasted higher-angle radiation from the same array. The 
article "Repeater Antenna Beam Tilting" is worthwhile reading for all clubsconsidering new or improved repeater site constructions. 

Rounding out this issue is an article by WB4GCS entitled "Inexpensive Connectors for Hardline." With $2.00 worth of plumbing 
materials and ten minutes of labor you can build extremely low-loss homemade connectors to use with the surplus 1-inch (2.54-cm) 
CATV hardline cable now becoming available to hams at low cost. VHF and UHF enthusiasts can now use this high-quality, low-loss 
cable for repeaters or home stations, without the cost of expensive connectors. 

Marty Hanft, KA1ZM, the editor of ham radio, is taking his leave, after five years with the magazine, to spend some time overseas. 
He joined the staff as administrative editor in 1978, working closely with the late Jim Fisk, and has continued providing us with his in¬ 
imitable editing and organizational talents. We wish him all the best in his new endeavors. 

Welcome aboard is extended to Dorothy Leeds, our new assistant editor. Dorothy brings with her technical-magazine editorial and 
production skills that will be constantly called upon for our rapidly growing Amateur technical magazine.* 

Keep those letters coming. Our technical forum and correspondence departments are growing as a direct consequence of the inter 
est shown in the past few months. Please be patient with us — the flood of mail has created a little backlog - but we love it. 

Rich Rosen, K2RR 
Editor-in-Chief 
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20 METER U.S. PHONE EXPANSION WAS APPROVED BY THE FCC at its March 31 Agenda Meeting. 
The new bottom edge will be 14150, with an exclusive Extra slot from 14150 to 14175. The 
Advanced Class lower edge moves to 14175, while the General portion now starts at 14225. 

Expansion Of The Other HF Amateur Bands Was Held Off by the Commissioners, to be con¬ 
sidered in a later NPEM. When the new 20-meter frequencies will actually be available 
















At last! The answer to 
operating freedom! 
The Palomar Engineers 
SWR & Power Meter 



• Automatically computes 
SWR. 

• Easy to read light bar 
display. 

• Expanded SWR scale. 

• Power ranges 20/200/2000 
watts. 

• Frequency range 1-30 
MHz. 

Automatic. No "set" or "sensitivi¬ 
ty" control. Computer sets lull scale 
so SWR reading is always right. Com¬ 
plete hands-off operation. 

Light bar display. Gives instant 
response so you can see SSB power 
peaks. Much faster than old-fashioned 
meters 

Easy to read. No more squinting at 
old-fashioned cross pointer meters. 
You can read the bright red SWR and 
power light bars clear across the 
room I 

Model M-827 Automatic SWR & 
Power Meter only $119.95 in the 
U.S. and Canada. Add $3 shipping/ 
handling. California residents add 
sales tax, 



ORDER YOURS NOW! 

Send (or FREE catalog describing 
the SWR & Power Meter and our 
complete line of Noise Bridges, Pre¬ 
amplifiers, Toroids, Baiuns, Tuners, 
VLF Converters, Loop Antennas and 


Palomar 

Engineers 

1924-F West Mission Rd. 
Escondido, CA 92025 
Phone: (619) 747-3343 


ham radi0 Bootc Review 


ham radio magazine takes pleasure 
in providing the following reviews of 
hooks pertinent to Amateur Radio. 


rf circuit design 

The first word that comes to mind 
in reviewing the book rf circuit design 
by Chris Bowick, WB4UHY, is practi¬ 
cal. The author has accomplished in 
this book what many more-expensive 
volumes have not been able to - he 
has provided in one 176-page volume 
a useful collection of material on rf 
techniques. 

Most rf designers will probably 
agree that their knowledge took years 
to acquire and sometimes required 
access to many different volumes to 
understand even a single concept. 
Chris gets right into the essential as¬ 
pects of each subject, using clearly 
defined terms, charts, and examples. 
An elementary example of this is seen 
on the first page of chapter one, 
Components. A chart on wire sizes 
shows how one can quickly deter¬ 
mine unknown wire diameters if it's 
remembered that No. 50 AWG is 1 
mil and doubles for each six wire 
sizes. No. 44 AWG has a 2 x 1, or 2 
mil, diameter. 

This book, useful to hams who are 
interested in designing their own 
equipment, provides numerous ex¬ 
amples for guidance each step of the 
way. There are seven chapters, la¬ 
belled: Components, Resonant Cir¬ 
cuits, Filter Design, Impedance 
Matching, The Transistor at Radio 
Frequencies, Small Signal RF Ampli¬ 
fier Design, and RF Power Amplifiers. 

There are also three additional sec¬ 
tions: Appendix A, use of complex 
numbers, recommended for those 


who are not familiar with complex 
number arithmetic; Appendix B, 
noise calculations, a systems ap¬ 
proach to low-noise design; and Ap¬ 
pendix C, bibliography of technical 
papers and books related to rf circuit 
design. These additional sections 
complement this already useful book 
with material that enables the inter¬ 
ested reader to continue his research. 

Published by Howard W. Sams, 
this book is available soft cover (8!4 
x 11) from Ham Radio's Bookstore, 
Greenville, New Hampshire 03048, 
for $21.95 plus $1.00 shipping and 
handling. 


directional antenna patterns 

To this reviewer's knowledge, 
there is not another book around like 
Directional Antenna Patterns by Carl 
E. Smith, president of the Cleveland 
Institute of Radio Electronics. It pro¬ 
vides under one cover a collection of 
15,160 directional antenna patterns, 
and has become the bible for a-m 
broadcast antenna design engineers. 
With the current increase in interest 
in phased vertical arrays the Radio 
Amateur will find this material perti¬ 
nent in several ways. 

Part one contains the theory be¬ 
hind the determination of the size and 
shape of directional-antenna pat¬ 
terns, starting with the standard ref¬ 
erence antennas (uniform hemispher¬ 
ical radiator, vertical current element, 
quarter-wave verticals) and develop¬ 
ing into the generalized equation for a 
directional n-antenna array. 

Part two, entitled "Systemization 
of Two Tower Patterns," provides 
568 patterns available from a two-ele¬ 
ment array, examined at electrical 
and phase separation steps of 15 de- 
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grees and 45 degrees. It is worthwhile 
pointing out that commonly used 90 
degree space/90 degree phase, that 
is, quarter-wave separated, quarter- 
wave-phase difference verticals are 
just one of the 568 cases considered. 
Amateurs who don't have the space 
to separate their verticals by a quar¬ 
ter-wave can still obtain a cardioid 
switchable pattern by choosing a dif¬ 
ferent set of parameters. 

Part three, Systemization of Three 
Tower Patterns, furnishes 14,592 
field plots with 45 degree increment¬ 
ed spacings out to one wavelength 
for both antenna 2 and antenna 3. 
The guide to all these different pat¬ 
terns is provided by a systemization 
placement chart illustrated on each 
page of 64 patterns. 

Directional Antenna Patterns is 
available hard bound (8 Vi x 11) by 
Carl E. Smith for $22.00, postpaid. 
Contact Smith Electronics, Inc., 8200 
Snowville Road, Cleveland, Ohio 
44141. 


radio communications 
receivers 

Radio Communications Receivers 
by Cornell Drentea is a new 280-page 
paperback book available from TAB 
Books, Inc. The book is billed as a 
comprehensive guide to radio receiv¬ 
er design and - technology, and in¬ 
cludes the history of radio technology 
as it has affected receiver design over 
the years. 

Mr. Drentea attacks the subject of 
radio receivers systematically, intro¬ 
ducing each aspect of a receiver, the 
design theory, and construction. He 
also presents an explanation and al¬ 
ternative routes for reaching the 
same result. State-of-the-art technol¬ 
ogy is traced from its more primitive 
beginnings, and future design trends 
are introduced. 

The book is a blend of theory and 
application, and is meant as a refer¬ 
ence for the design and construction 
of receivers. Design considerations 
for modern receivers are thoroughly 


covered, and include the use of com¬ 
puters. The book should prove to be 
a handy tool to have in your library. 

Radio Communications Receivers 
is available from Ham Radio's Book¬ 
store, Greenville, NH 03048 for $13.95 
plus $1.00 shipping and handling. 


digital PLL frequency synthe¬ 
sizers — theory and design 

Dr. Ulrich Rohde, a name familiar 
to many of us, has borrowed from his 
years of knowledge and experience 
with synthesizers and produced 
under one cover a collection of data 
on this complex yet increasingly im¬ 
portant subject: Digital PLL Frequen¬ 
cy Synthesizers — Theory And De¬ 
sign. As stated by Dr. Rohde, the ob¬ 
jective of the book is "to provide as 
much practical circuit information as 
possible while presenting only the 
necessary mathematical background 
and formulas." 

This is accomplished in six chap¬ 
ters starting with Loop Fundamen¬ 
tals. Here he introduces the basic 
linear and digital loops with formula¬ 
tion provided for type 1 and type 2 — 
first through third order loops. As an 
example, in the discussion of a type 
2, third-order loop, the transfer func¬ 
tion is defined along with its applies-, 
tion to the suppression of fm noise in 
a VCO. 

Chapter 2, Noise and Spurious Re¬ 
sponse of Loops, considers an ex¬ 
tremely pertinent and limiting factor 
in any system that uses a synthesizer 
— sideband noise. The noise sources 
indicated are leakage from the refer¬ 
ence device in phase-locked loops, 
incomplete suppression of the un¬ 
wanted component of the mixer out¬ 
put, and inherent noise from the os¬ 
cillator. 

Chapter 3 deals with special loops, 
that are basically one-loop synthe¬ 
sizers. Techniques are discussed that 
simultaneously solve the two major 
requirements of loop operation: reso¬ 
lution and speed. This leads us to a 
more sophisticated development 
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Yes, now you can take it with you! The new HAL 
CWR-6850 Telereader is the smallest RTTY and CW 
terminal available, complete with CRT display screen. 
Stay active with your RTTY and CW friends even 
while traveling. Some of the outstanding features of 
the CWR-6850 are: 

• Send and receive ASCII, Baudot, and Morse code 
•RTTY and Morse demodulators are built-in 

• RTTY speeds of 45, 50, 57, 74, 110, and 300 baud 

• High or Low RTTY tones 

® Send and receive CW at 3 to 40 wpm 

• Built-in 5 inch green CRT display 

• Four page video screen display 

• Six programmable HERE IS messages 

• Pretype up to 15 lines of text 

• External keyboard included 

• Runs on +12 VDC @ 1.7 Amperes 

• Small size (12.75" x 5" x 11.5") 

Write or call for more details. See the CWR-6850 at 
your favorite HAL dealer. 

I Ml 1 HAL COMMUNICATIONS COUP. 
LJfl I BOX 365 

j Jr| I URBANA, ILLINOIS 61801 217-367-7373 


short circuits 

Bobtail curtain 

The March, 1983, article by Woody 
Smith, "Bobtail Curtain Follow-Up," 
indicates that the half-power beam- 
width of the Bobtail is 50 degrees. 
However, using a Sharp PC 1500 and 
assuming a 1:2:1 current ratio, that 
calculates out to approximately 100 
degrees. Note that only half the azi¬ 
muth plot is shown in fig. 1; this sym¬ 
metrical field pattern has a mirror 
image to its left. 



and half-square. The half-power beamwidths 
are 100 degrees and 120 degrees, respectively. 


known as the fractional N phase- 
locked loop. 

The Radio Amateur or experimen¬ 
ter will probably find Chapter 4 most 
useful. Here the loop components 
consisting of oscillator, reference 
standard, mixer, phase/frequency 
comparator, wideband amplifiers, 
programmable dividers and loop fil¬ 
ters are clearly defined and designs 
provided. Numerous actual circuits 
are illustrated complete with compo¬ 
nent values. 

With the first four chapters provid¬ 
ing a comprehensive understanding 
of loops, chapter five introduces the 
multiloop synthesizer that uses a 
combination of fractional division N 
synthesizer, sequential phase shifter 
and digital frequency synthesis tech¬ 
niques. The Rohde and Schwarz 
EK070 10 kHz to 29.99 MHz short¬ 
wave receiver incorporates several 
multiloop synthesizers and provides a 
working example of this modern loop 
concept. 

Chapter six finishes this discussion 
on digital PLL frequency synthesizers 
with three practical circuits: a) A sin¬ 
gle-loop, 1-kHz reference synthesizer 
operating from 41 to 71 MHz, used in 
a simple shortwave receiver; b) A 
fast, single-loop 25-kHz synthesizer 
operating from 41 Jo 71 MHz; and c) 
A low sideband noise multi-loop syn¬ 
thesizer covering 75 to 105 MHz in 
100-Hz increments. 

The appendix includes a mathe¬ 
matical review including a very useful 
table relating real-time functions with 
their LaPlace transforms. As indi¬ 
cated at the beginning of this review, 
Dr. Rohde has generated a 494-page 
compilation on the current state-of- 
the-art in digital PLL frequency syn¬ 
thesizers that is useful to the engineer 
or anyone else who needs a detailed 
working knowledge of these tech¬ 
niques. 

This book, published by Prentice- 
Hall, is available in hard cover from 
Ham Radio's Bookstore, Greenville, 
NH 03048, for $60.00 plus $2.00 ship¬ 
ping and handling. 

ham radio 
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vertical phased arrays: 

part one 


Rotatable arrays 
for the low bands 



Many DXers get on the low bands, if they do at all, 
to fulfill an award requirement. A low inverted-V or 
dipole is pitched up, the necessary QSLs collected, 
and then it's back to the HF bands. But some get 
hooked and stay. They relearn what the radio pio¬ 
neers discovered: The low bands are a highly predict¬ 
able and reliable means of long-distance communica¬ 
tions, and, in low sunspot periods such as we are 
now entering, they're the only after-sunset DX game 
in town. Sorely missing is directional ability, such as 
even a modest tribander can provide in the HF 
bands. 


Even if it were practical to rotate that low in¬ 
verted-V or dipole, it would remain a sad fact that 
most of the signal is radiated at very high angles with 
virtually no azimuthal directivity. The result is that 
the impression easily might be gained that the low 
bands are good for 500 to 1000 mile contacts but no 
real DX — that is, until the newcomer happens to 
eavesdrop on one side of a real DX contact. Then he 
is amazed to hear a Q5 report given, and at the turn¬ 
over hear nothing except noise. The old adage "You 
can't work 'em if you can't hear 'em" is particularly 
apt on the low bands, where atmospheric static as 
well as manmade noise is very high. 

restricting noise pickup 

How is it possible to get a low radiation angle and 
still beat the noise problem? Perhaps this question 
seems a contradiction because, as the radiation 
angle is lowered, the paths over which the antenna 
receives major noise sources are lengthened, 
whether the noise is manmade or natural. We may 
not be able to restrict noise pickup in the paths of in¬ 
terest, but we can at least reduce it from undesired 
paths with a directional array. On the low bands at¬ 
mospheric noise is very often quite markedly direc¬ 
tional, and it is not unusual to find noise levels differ¬ 
ing by 30 dB or more between various quadrants of 
the horizon. Experience shows that high F/B ratio, 
that is, superior rejection of signals from undesired 
directions, has far more importance than gain on the 
low bands for this reason. 

It is well known that for reliable DX work a horizon¬ 
tally polarized antenna array had best be one-half to 

By Forrest Gehrke, K2BT, 75 Crestview, 
Mountain Lakes, New Jersey 07046 
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two wavelengths above the ground for optimum 
radiation angle. At 20 meters and shorter this is not 
too difficult, nor is rotating the antenna, but for 80 or 
160 meters such heights become impractical — and 
rotation is virtually impossible. 

One obvious alternative is a vertical antenna with 
electronic directional control. If such an antenna is 
combined with a good ground plane, one can get 
radiation angles as low as those possible with a hori¬ 
zontal antenna two wavelengths above ground. Bui 
doesn't a vertical "radiate equally poorly in all direc¬ 
tions"? And isn't it said to be noisy? After all, every¬ 
one knows that, for some mysterious reason, man¬ 
made noise sources are supposed to radiate with ver¬ 
tical polarization. That a vertical's very low radiation 
angle may have something to do with this is seldom 
considered. 

Widespread misinformation on the vertical anten¬ 
na in Amateur publications is a serious problem. Re¬ 
cently I researched respected Amateur publications 
printed since 1970, looking for articles on the vertical 
that contained definitive technical data. I found only 
two, one quoting the typical dissimilar and reactive 
driving impedances of the elements of a two-vertical 
array, 1 and the other calling attention to the need for 
maintaining unity current ratio despite this dissimila¬ 
rity. 2 No quantitative data was available for arrays 
with more than two elements. A few writers included 
qualitative comments on the vertical array, indicating 
awareness of the complexity of the matching situa¬ 
tion, but most did not. Perhaps this is because, un¬ 
like many horizontal arrays, vertical arrays are often 
designed with all elements driven, thus making the 
job of satisfying drive current and phase conditions 
more complicated. 

mutual coupling 

At this point it may be useful to review the gain 
mechanism of a Yagi. 3 The Yagi creates gain in the 
favored direction as a result of the driving currents 
and phase currents induced in the parasitic elements 
by means of mutual coupling between the driven and 
parasitic elements. With appropriate spacings and 
lengths chosen for the design frequency, current and 
phase are caused to exist in each element such that 
the signal is reinforced in the forward direction and 
partially cancelled in the other directions. The single 
driven element will present a significantly lower im¬ 
pedance than it would as a lone dipole, because of 
the loads coupled to it from the parasitic elements. If 
a low VSWR is not a goal, this element may be 
driven directly without affecting the gain pattern of 
the array. The presence or lack of an impedance 
transformer (such as a Gamma match) has nothing 
to do with the gain pattern — only with the match to 
the feedline. A comparison of the current and phase 
at the midpoint of each element with respect to the 


driven element, shows that the current magnitude 
ratio is below unity (about 0.2 to 0.5.), generally ris¬ 
ing or falling in each succeeding parasitic element. 
The phase angle will lead in the reflector (because 
this element is longer than a half-wavelength); it will 
lag at the directors (because they are shorter than a 
half-wavelength), the angle lagging more in each di¬ 
rector as we move toward the front of the array. The 
interaction is quite complex, since there is mutual 
coupling among the parasitic elements as well as 
with the driven element. Nevertheless, it is this phe¬ 
nomenon of mutual coupling that permits us to pro¬ 
duce directionality in multi-element arrays. 

While it's true that driving each element provides 
an additional controllable variable, this does not 
mean that no other drive source is acting on the ele¬ 
ments. The same mutual coupling that occurs in the 
Yagi is present here and must be taken into account 
as part of the total drive to each element. To illus¬ 
trate, suppose you want to drive an element of an 
array with 1 ampere at 90 degrees lagging angle. 
Assume that, at the same termination impedance of 
this element, mutual coupling from other elements is 
inducing 0.8 ampere at 90 degrees lagging. An addi¬ 
tional drive current of only 0.2 ampere at 90 degrees 
lag would be all that's needed. In practice, of course, 
mutual coupling and this additional drive from the 
feed network may not add arithmetically. Phase 
angles probably will be different, resulting in vectorial 
addition. There's another real life complication: The 
added drive changes the mutually coupled drive! In 
fact, changing anything at all changes all the other 
variables because the mutually coupled elements and 
feed network are all part of one coupled system. This 
is why the element driven impedances are referred to 
as driving-point impedances; they exist only while 
connected to the feed network. We cannot discon¬ 
nect any element and verify its value with an impe¬ 
dance bridge. 

The assumption that mutual coupling doesn't 
occur (or isn't important) is a mistake found in many 
articles on phased arrays, vertical or horizontal, in the 
Amateur publications. This error is almost invariably 
compounded by a second and more erroneous one: 
Electrical length of the delay line is equated to cur¬ 
rent delay in all circumstances, (for example, a quar¬ 
ter-wavelength line is assumed to produce a 90-de¬ 
gree delay regardless of its termination). But equat¬ 
ing electrical length to current delay holds true only 
under certain conditions:* 

1. For any length if terminated by a pure resistance 
equal to the characteristic impedance of the line. 


•Except when specifically noted, only the lossless cases will be considered. 
At low-band frequencies, losses normally are negligible. Calculations in¬ 
cluding them add greatly to complexity while resulting in insignificant 
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2. For an odd number of quarter-wavelengths if ter¬ 
minated by a pure resistance of any value. 

3. For any number of half-wavelengths regardless of 
termination impedance. 

4. In some special cases (normally of no concern in 
these applications), t 

Disregarding mutual coupling leads to inaccurate 
results, particularly as regards front-to-back ratio. 
The designer who makes this error is also typically 
led to some or all of the following subsidiary assump¬ 
tions: 

1. That the driven impedances of each element 
always are equal. 

2. That if the elements are resonant, the driven impe¬ 
dance of each element is resistive. 

3. That if array feedlines are quarter-wavelength, a 90 
degree phase change in current is produced in each 
line. 

4. That if the array requires equal current drive, driv¬ 
ing each element with equal power will always satisfy 
the requirement. 

5. That a current phase angle displacement of 90 
degrees between array elements will occur by inser¬ 
tion of a quarter-wavelength line in the feedline of 
one of the elements. 

Every one of these assumptions is wrong, be¬ 
cause the premise on which they are based is not 
true. 

Some writers suggest that great liberties may be 
taken with element feedline lengths. Without consid¬ 
ering the effects upon phasing, they would use ele¬ 
ment feedlines of any length as long as they were 
equal. Except in very specific circumstances (when 
all driving impedances are equal), there is no way to 
justify taking these liberties with most multi-element 
array configurations. 

array impedances and 
power distribution 

It may be illuminating to examine a typical set of 
dynamic driven impedances for the quarter-wave res¬ 
onant elements of a 4-square vertical phased array 



(fed with equal-magnitude currents of the proper 
phases to produce the main lobe along a diagonal). 
This will demonstrate the profound effects of mutual 
coupling. 

element 1 Z, = 7.9 - j7.8 

element 2 or 3 2^ = Z 3 = 35.7 - j12.7 

element 4 Z 4 = 59.2 + j42.6 

The first impedance is the reference, or zero- 
degree phased element; the next is the impedance of 
each of the two -90 degree phased middle ele¬ 
ments; the last is the - 180 degree phased element. 
That these impedances are quite dissimilar and reac¬ 
tive is obvious. Since drive power is a linear function 
of the real component of these impedances (being 
fed with currents of equal magnitude), it is clear that 
power division among these elements is far from 
equal. Assuming 1-ampere drive to each element, 
the drive power supplied to each is: 

element 1 7.9 watts 

element 2 35.7 watts 

element 3 35.7 watts 

element 4 59.2 watts 

which, on a percentage basis, is 5.7 percent, 25.8 
percent, 25.8 percent, and 42.7 percent, respective¬ 
ly. Thus a feed network aimed at supplying equal 
power to this array, such as a Wilkenson power di¬ 
vider, will be at cross purposes with the requirement. 
(Incidentally, a Wilkenson divider will not supply 
equal power to unequal terminations.) Also, since 
the 90-degree phased elements are not resistive, sim¬ 
ply inserting a quarter-wavelength of delay line in 
their feeders won't do. Clearly, only a feed system 
designed for the array elements' driving-point impe¬ 
dances will carry out this unequal power division 
while producing the proper element phase displace¬ 
ments. 

It is possible to devise a feed network which per¬ 
forms these functions while also matching the array 
to the transmitter feedline. Doing so is not even un¬ 
duly complex, but calculating the driven impedances 
does require a knowledge of the self and mutual im¬ 
pedances of the elements. Methods for doing this 
will be detailed in a future article. The greatest bene¬ 
fit of a good match in multi-element arrays is the 
warning it provides when loss of continuity to an ele¬ 
ment occurs because of faulty switching relays or the 
like. 

30 to 40 dB F/B are achievable 

My interest in low-band DX began just as described 
in the beginning of this article. I started with a dipole 
30 feet high, then progressed to a vertical, and then 
to in-line arrays of two and three verticals. With 
some cut-and-try, the arrays were made to work 
quite well. 

Then came the articles by W1CF on the 4-square 
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array 4 which inspired me, as they have many others, 
to duplicate his pathfinding work in building pattern 
controlled low-band arrays. For me at least, having 
achieved excellent F/B with simpler arrays (but with¬ 
out bothering to find out precisely why), the F/B 
results were disappointing. Cut-and-try led nowhere, 
this array's having too many variables for such blind 
stabs, and so I had to go back to basics for a more 
fundamental understanding. Thanks to the advice, 
encouragement, ideas, and boundless resource of 
mathematical tools contributed by my friend 
WB6SXV, as well as many information exchanges 
with W7EL and W2PV 5 1 believe I now know how the 
4-square should work. 

Achieving theoretical F/B in practice ultimately be¬ 
comes an exercise in achieving electrical symmetry 
of the array. This is not easy, but efforts continue to 
reach that goal. Fortunately, like Vagis, these arrays 
want to work. Less than optimum drive conditions 
for forward gain find them as tolerant as Yagis, but 
also as intolerant for high front-to-back ratio. Despite 
large departures from design drive currents and delay 
angles, forward gain is not affected much. But seem¬ 
ingly insignificant differences in drive currents or 
delay angles drastically reduce the maximum F/B ca¬ 
pabilities. A 10 percent change in drive current of one 
element in a 4-square can bring the array from a really 
excellent 30 to 40 dB F/B down to an average 15 to 
20 dB. Another way of looking at this is that excellent 
F/B ratios hold over a small frequency range, while 
gain holds over a relatively much larger range, as 
W2PV showed for the Yagi. 3 

Although the principles for correctly feeding a mul¬ 
tiple driven element array have been known since the 
1930s, 67 their primary application has been by the 
long-wave a-m broadcast industry, and relatively lit¬ 
tle has been published in Amateur Radio literature. 
Perhaps editors may have felt the subject too com¬ 
plex, or that it lacked broad reader interest. Another 
possible reason is that few modern antenna texts dis¬ 
cuss feed methods for such arrays. Typically, many 
field plots are shown, but means for achieving them 
are left to the reader. 

areas to be addressed 

It is the purpose of this series of articles to attempt 
to fill this gap. Over the next few months I shall try to 
address the following considerations: 

I. Theoretical Array Design 

Element spacing 

Drive requirements — magnitude and phase 
Field plotting — how to calculate 

II. Self and Mutual Impedance 

Measurements and calculations 

Ground planes 

Element driven impedances 


III. Drive Network Design 

Four-terminal network matrices 
Pi and T coax equivalents 
Directional switching 
Adjustment and measurement 

Topics of this nature cannot be adequately dis¬ 
cussed without presenting voltages, currents, and 
impedances in complex algebraic form, such as R + 
jX for impedance. Those readers who understand 
them will have no difficulty in following the presenta¬ 
tion; for those who do not, I am assuming that they 
have a good enough general understanding of the 
concepts (of resistance and reactance) to be able to 
understand the implications of the conclusions I 
present. 

In general, I shall try to address myself to general 
solutions, without restriction to specific designs. 
Where particular designs are examined, these will be 
by way of illustration, not for the sake of presenting 
any one proposal. Rather, it is my hope that readers 
will find their own solutions to their particular prob¬ 
lems within the space they have available. There is 
nothing writ in stone, for example, which requires 
the elements of an array to be resonant, to be spaced 
at 1/4 wavelength, to be phased in multiples of 90 
degrees, or to have radials measured to some exact 
length. Neither do all arrays operate best with equal 
current magnitude to all elements. A few hours of 
mathematical experimentation will allow you to run 
through more designs than you could ever hope to 
build. 

Building vertical phased arrays is not a black art; 
with accurate measurements of self and mutual im¬ 
pedances and with reasonably good electrical sym¬ 
metry, theoretical design goals can be closely 
approximated in practice. Most of the explanation for 
the large gap between theory and practice which so 
many builders encounter lies in the many invalid 
assumptions discussed earlier. 
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Two crossed dipoles 
of different lengths 
cover the entire 
80 -meter band 


stagger-tuned dipoles 

increase bandwidth 


A broadband antenna can be constructed by 
using a pair of stagger-tuned dipoles, either horizon¬ 
tal or inverted Vs, mounted at right angles to each 
other and connected in parallel. (See fig. 1.) A single 
50-ohm coaxial cable is used for the transmission 
line. The dipoles are of different lengths, with the 
longer tuned to a frequency near the lower edge of 
the band and the shorter to a frequency near the 
upper edge of the band. Because the dipoles are at 
right angles, no cancellation or nulls occur in the 
combined radiated field. Near mid-band, the antenna 
is omni-directional. 

The purpose of this article is to derive the basic 
equations which apply to the standing wave ratio 
curve for this antenna. These equations are then 
used to determine the fundamental relationship be¬ 
tween the bandwidth and the SWR. 

80-meter measurements 

The entire 80-meter band is described by a W- 
shaped SWR curve with a maximum of about 2 (both 
at the middle and at the band edges). The measured 
curve of an experimental model is shown in fig. 2.' 

The 80-meter band, having the greatest percent¬ 
age bandwidth of all the Amateur bands, is covered 
by the stagger-tuned antenna without exceeding an 
SWR of 2. As used here, the term percent bandwidth 
of a circuit is defined as the bandwidth divided by the 
mid-band frequency, multiplied by 100. 2 The four 
Amateur bands considered here, 160, 80, 40, and 10 
meters, have bandwidths of 10.5, 13.3, 4.2, and 5.9 
percent respectively. 

dipole impedance 

The stagger-tuned antenna impedance is deter¬ 
mined by the impedances of the parallel dipoles. An 
equivalent schematic for a single center-fed dipole, 
near its series resonant frequency, is shown in fig. 3. 



By Mason A. Logan, K4MT, 1607 Monmouth 
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fig. 3. Dipole equivalent circuit and representative 
series resonant impedance. 


The equation for the impedance of a dipole given in 
this figure curvature has been derived by fitting to 
dipole impedance curves. 3 

It is convenient to use normalized impedances, ob¬ 
tained by dividing by 50 ohms, a commonly used co¬ 
axial cable characteristic resistance (R 0 ). At reso¬ 
nance, the normalized radiation resistance of a dipole 
is 66/50, or 1.32,* numerically equal to its SWR. 

For comparison, note that the calculated band¬ 
width of a horizontal dipole is 7.1 percent at an SWR 
extreme of 3.0:1. The reactance part of the dipole im¬ 
pedance is about equal to the resistance and the 
phase angle is approximately 45 degrees. This 7.1- 
percent bandwidth for a dipole is the basic building 
block of the stagger-tuned antenna. 

impedance of parallel 
stagger-tuned dipoles 

Fig. 4 shows the equivalent circuit for the parallel 
dipoles, with impedance Zi tuned to the lower fre¬ 
quency Fi, and Z2 tuned to the upper frequency F2. 
With Ft and F2 fixed, the equation in fig. 3 first is 
used for each dipole in turn, to determine the two 
dipole impedances. From these, and at each frequen¬ 
cy, the usual parallel impedance equation of fig. 4 
then gives the stagger-tuned antenna impedance. Fi¬ 
nally, the SWR over the entire band is calculated. 

For frequencies between the two dipole reso¬ 
nances, the lower Fi and the higher F2, an interesting 
and useful effect exists, which leads to wideband 
operation. Between Fi and F2, the Fi dipole has a 
positive reactance while the F2 dipole exhibits a neg¬ 
ative reactance, each being in series with its own 
radiation (real) resistance. The network acts like a 
lossy anti-resonant circuit. It is the impedance of this 
anti-resonant circuit which produces the SWR maxi¬ 
mum in the center of the band and limits the attain¬ 
able bandwidth. 

At the center, the two reactances always are equal 
in magnitude and opposite in sign. The two resis- 


*fn general, the series-resonant resistance varies with height above 
ground and wire size. Ed. 


tances differ somewhat because of the radiation re¬ 
sistance frequency dependency, that for Fi being 
higher than the resistance at its resonance and that 
for F 2 being an equivalent amount lower. With a fur¬ 
ther increase in frequency separation (greater than 
7.1 percent) the reactances increase faster than the 
resistances, causing an increasing anti-resonant re¬ 
sistance and SWR. 

calculations 

Two W-shaped SWR curves have been prepared, 
fig. 5 for an antenna which turned out to be not quite 
wide enough for the 80-meter band, and fig. 6 for an 
antenna not quite wide enough for the 160-meter 
band. The calculated curves have an appearance re¬ 
markably similar to the measured curve of fig. 2 and 
confirm that an SWR of less than 2 can be expected 
for the entire 80-meter band. Using these trial curves, 
a very good estimate of the needed increase in stag¬ 
ger spacing can be made. 

80 meters 

The SWR curves of the individual dipoles Fi and F2 
are drawn in to show that, even when they are far 
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fig. 4. Equivalent circuit of two stagger-tuned crossed 
dipoles and SWR equation. 
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apart, they still interact to produce an acceptable 
SWR in the center. Further, the two frequencies 
where the stagger-tuned SWR curve is lowest, are 
lower than for individual dipoles. 

For the 80-meter band, the stagger should be in¬ 
creased to 10 percent instead of 9.3 percent used in 
the computations, to fully cover the band. The SWR 
at the ends and the central maximum is about 2. 

160 meters 

For the narrower 160-meter band, the stagger 
should be increased to 9 percent, instead of the 7.9 
percent used in the computations. The SWR is about 
1.7, less than for the 80-meter band. 

10 and 40 meters 

The much narrower antenna bandwidths for the 
10- and 40-meter bands do not exhibit a center fre¬ 
quency SWR maximum. Instead, a different consid¬ 
eration controls the dipole stagger. The computed 
SWR curve is shown in fig. 7 for this condition. As 
the dipole stagger is reduced to fit these bands, the 
central maximum disappears and a broad minimum 
appears. This change occurs at a dipole bandwidth 




spacing of 7 percent. However, as the minimum is 
further reduced, the outside edge SWR begins to in¬ 
crease. A choice of 6 percent relative dipole stagger 
for both the 10- and 40-meter bands appears to be a 
reasonable compromise. 

There is a low overall SWR. This places the dipoles 
at the edge of the 10-meter band but outside the 
edges of the 40-meter band! For 10 meters, the maxi¬ 
mum SWR is about 1.5, and for 40 meters about 1.3. 

summary 

Equations which apply to the stagger-tu ned crossed 
dipole antenna have been specified. The 80-meter 
Amateur band is, relatively, the widest. Measure¬ 
ments and calculations confirm that this entire band 
can be covered with a SWR of about 2. 

A tabulation of the calculated (required) resonant 
frequencies for the two dipoles, and the calculated 
maximum SWR for the 160-, 80-, 40-, and 10-meter 
bands, are given in table 1 , below: 

table 1. Calculated resonant frequencies and maxi¬ 
mum SWR. 


Note that, for the 40-meter band, the dipole resonant 
frequencies lie outside the Amateur band. Using only 
the formula for length is satisfactory, without a direct 
measurement of the resonant frequency, because 
the 40-meter band uses only the central 4.2 percent 
of the antenna's basic 6 percent width. 

All the data presented in this article, except the 
measured curve of fig. 2, have been calculated using 
representative impedances for a dipole. 3 Calculations 
have insured that the results are comparable 
throughout, and help determine effects that might 
not be noticed using only measurements. 

A dipole's impedance depends in part on nearby 
objects and the height above ground. Inverted Vs 
add even more variables. However, the calculated re¬ 
sults show that the stagger-tuned antenna can be 
adjusted to develop the required wideband charac¬ 
teristic. 
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20-meter mobile vertical 


CB plus replacement 
auto antenna 
combine to make 
a durable performer 
with good bandwidth 

It's unusual to find a homebrew mobile high-fre¬ 
quency antenna, partly because it's rather difficult to 
construct one which will withstand the 100-plus mph 
winds antennas encounter from time to time. How¬ 
ever, it is relatively easy to convert a Radio Shack 
mobile CB antenna to 20 meters, and the resulting 
antenna is a surprisingly good performer. 

The basis for the antenna is a Radio Shack 4-foot 
Fiberglass Whip, #21-934 (fig. 1). The whip is helical¬ 
ly wound near the top and fits a standard 3/8 x 24 
threaded mount. When mirror-mounted on my van 
using a Radio Shack #21-937 mount, the unmodified 
whip shows an impedance of 25-j1000 ohms at 14.3 
MHz. It can be resonated at this frequency by add¬ 
ing, at the top, about 27 inches of straight whip, 
made from a replacement auto antenna. 


Most replacement auto antennas are designed to 
attach to the broken stub with a set screw. To pro¬ 
vide a stub attachment point at the top of the CB 
whip, carefully scrape away the outer fiber glass ma¬ 
terial to expose about 1/4-inch of the embedded 
wire. It appears to be 22-gauge enamel-coated wire. 
Bare the wire and tin it. Cut the head off a 1/4-inch 
diameter, 1 1/2-inch brass bolt, and tin the butt 
(thicker portion) of the threaded end. Solder this end 
to the wire. 

This stub attachment will be secured to the CB 
whip with glass cloth and epoxy (fig. 2). First, how¬ 
ever, it's necessary to fasten the bolt to the CB whip 
to prevent the fine wire from breaking during han¬ 
dling. Lay the CB whip horizontally and block it up so 
that the auto whip is aligned. Attach the auto whip to 
the bolt by tightening the set screw, and block it level 
with the CB whip. Put a dab of 5-minute epoxy on 
the end of the CB whip, press the two sections to¬ 
gether, and visually align them. 

After the epoxy has thoroughly hardened, remove 
the auto whip and sand the top 2 inches or so of the 
CB whip and bolt with fine sandpaper. This provides 
a clean surface for the fiber glass reinforcement. 
Glass cloth/epoxy repair kits are available at most 

By Gary E. Myers, K9CZB, 28W135 Hillview 
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hardware stores. Cut three strips of cloth about 12 
inches long and 1 inch wide and saturate them with 
mixed epoxy resin. Starting about 2 inches below the 




joint, wind each strip in overlapping fashion, like 
tape, to cover the joint and 1/2 to 3/4 inch of the 
bolt. Three layers of cloth will provide ample 
strength. Be sure to follow all instructions provided 
with the kit, including the safety precautions. 

The joint will be messy at this point, but it can be 
smoothed out by sanding after the epoxy has cured 
completely. It probably will be necessary to scrape or 
sand the exposed portion of the bolt to remove 
epoxy that has formed on it. Attach the replacement 
auto whip securely, and you will be ready for tune-up. 

matching to the whips 

Each mobile installation differs by vehicle, the type 
of mount, and the position of the antenna on the ve¬ 
hicle. The 27-inch whip length mentioned earlier may 
not be correct in any installation but mine, but it 
should be close. Make adjustments as necessary for 
your situation. 

A few hints may make the tune-up process a little 
less frustrating: 1) use a feedline that is a multiple of 
one-half wavelength (don't forget the velocity factor) 
to avoid transformer action in the feedline; 2) park 
the vehicle well away from objects, such as trees and 
overhead wires, to prevent detuning; and 3) shorten 
the whip a little at a time — no more than 1/8 inch 
per cut when you're near resonance. The ARRL An¬ 
tenna Book' details other methods for resonating a 
mobile antenna. 

At resonance, the antenna shows a resistive impe¬ 
dance of 30 to 35 ohms. The resulting SWR is ade¬ 
quately low for many purposes, but the bandwidth 
may be improved by better matching. Trim the whip 
to be inductive (too long), and then add the appropri¬ 
ate value of shunt capacitance from the base of the 
antenna to ground, forming an L-network which 
transforms the impedance to 50 ohms. I found that 
merely attaching a 200-pF, 500-volt mica capacitor to 
the base of the antenna and ground with spring clips, 
then shortening the straight whip until the antenna 
resonated, provided a feedpoint impedance that was 
very close to 50 ohms. 

When tuned in the above fashion, the antenna 
showed a 2:1 SWR bandwidth of about 50 kHz for 
my installation. Consistently good signal reports 
have come from all areas of the U.S.; I've been run¬ 
ning 100 watts PEP (no DX has been attempted). The 
small-gauge wire used in the CB whip probably has 
more ohmic loss than desirable, but the performance 
is not harmed noticeably. 
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repeater antenna beam tilting 


A four-pole collinear 
reduces a shadowing effect 
common to mountainous areas 

During recent years I've helped design and con¬ 
struct several commercial and Amateur repeaters. 
Most of these repeaters are located on high moun¬ 
tains where large elevation differences exist between 
mobile stations and the machine. From such sites, 
conventional antennas may overshoot the intended 
coverage area. I wish to introduce a method of elec¬ 
trical beam-tilting which will optimize the use of the 
antenna radiation pattern. 

shadowing and overshoot 

Western Montana and the Rocky Mountain region 
in general have similar topography. In these areas 
mountains rise from the prairie and valleys to form 
natural towers for prospective repeaters. Many ex¬ 


ceed 10,000 feet (3049 meters) in elevation. From the 
early years of two-meter repeatering, Montana Ama¬ 
teurs have made use of these sites. In situations like 
this where very high repeater sites are used, a prob¬ 
lem called shadowing can exist. 

Fig. 1 is an example of a spot where a repeater site 
is 3000 feet (914 meters) higher in elevation than the 
desired coverage area. Additionally, the rise in eleva¬ 
tion takes place over the relatively short, horizontal 
distance of five miles (eight kilometers). Eq. 1 is used 
to calculate a depression angle of - 6.5 degrees from 
the repeater to the coverage area. (The angle is ap¬ 
proximate because curvature of the earth was not in¬ 
cluded.) 



I where: 6 = The depression angle (degrees) 

R = The repeater elemtion (feet or meters) 

By Lee Barrett, K7IMM, 214 East 1800 South, 
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C — The coverage area elevation (feet or 
meters) 

D = The horizontal distance from the re¬ 
peater to the coverage area (feet or 
meters) 

Fig. 2 depicts the same site with an antenna radia¬ 
tion pattern added. With the pattern centered on the 
horizontal or zero-degree line, an antenna radiating a 
half-power beamwidth of 13 degrees is required for 
the lower half-power point to fall on the area of de¬ 
sired coverage. Any station closer to the repeater is 
not in the main pattern and, as a result, is shadowed. 
Also, the radiated power above the horizontal serves 
only to heat the ether. If this wasted radiated power 
could be salvaged to fill in the shadowed areas, a 
more efficient antenna system would result. I bor¬ 
rowed a solution to both shadowing and efficient en¬ 
ergy usage from the field of broadcasting. 

the solution 

Commercial fm and television transmitters are 
often located on mountain-top sites. If necessary, 
beam tilting is used to direct the radiated energy 
downward from the transmitter site to the intended 
area of coverage. Beam tilting may be required at 
lower elevations than one might expect. With con¬ 
sideration given to the curvature of the earth, for 
example, a transmitter site only 1000 feet (305 
meters) above the earth requires a 0.5 degree down- 
tilt for the center of the main antenna radiation pat¬ 
tern to intersect the horizon!' Obviously, the repeater 
described earlier could be a serious candidate for 
beam tilting. 

antenna considerations 

Through experimentation, the collinear 2 type of 
antenna seems to be a superior antenna choice for 
tall, mountain-top applications. Consequently, the 
discussion is limited to two types of collinear antennas. 


The first is the familiar 24 foot (7.3 meters) high, 
fiberglass encased collinear, which is easy to mount 
and performs well. Also, some manufacturers will 
provide an electrical downtilt to your specifications 
for an additional charge and a shipping delay. For a 
repeater group working on a shoe-string budget, 
however, this antenna is not the most economical. 
Furthermore, if your site is subjected to icing and fre¬ 
quent high winds, the fiberglass collinear may not 
survive very well. Any small, internal fracture caused 
by flexing in the wind may cause an rf diode to form 
and introduce horrid screeches and howls into the re¬ 
peater. Such slight defects are magnified where the 
receiver and transmitter of the repeater are closely 
spaced in frequency. In such cases, the unusable col¬ 
linear for repeater applications may oftentimes be re¬ 
tired to satisfactory base station service. 

I favor a second type of collinear antenna compris¬ 
ing four dipoles fed in phase. This array, illustrated in 
fig. 3, is commonly called the Four Pole antenna. 
It is derived from linear array theory 3 and can be used 
for electrical beam tilting. Some commercial Four 
Poles use folded dipoles with matching baluns as ele¬ 
ments, while others use common dipoles with gam¬ 
ma matching or straight feeds. In any case, the an¬ 
tenna feed impedance should be 50 ohms. 

Each 72-ohm cable section with a length equal to 
an odd multiple of a quarter-wave transforms a 50- 
ohm termination to 100 ohms at the driving end. The 
resulting 100-ohm impedances are combined in par¬ 
allel through tee connectors to produce 50-ohm re¬ 
sultants. The 72-ohm coax harness shown in fig. 3 is 
used to combine the element impedances to a com¬ 
mon 50-ohm feedpoint. Also, since the signal must 
travel an equal distance from the feedpoint to each 
element, the elements are fed in phase. 

All cable length calculations are multiplied by the 
cable velocity factor to obtain actual lengths. The an- 
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tenna lengths and spacings, however, are close to 
that of free space. 

For strength and mounting convenience, the four 
dipole elements are usually mounted to a metal mast. 
Because the mast proximity distorts the element pat¬ 
terns, the four elements should be spaced at 90 de¬ 
gree intervals around the mast to obtain an omnidi¬ 
rectional pattern. If all the elements are mounted on 
the same side of the mast, the resulting pattern 
strongly favors the direction the elements are facing. 
Typical gains for the Four Pole are 6 dB for an omni¬ 
directional pattern or 9 dB for a favored direction. 
The ability to steer elements and favor specific direc¬ 
tions further enhances the utility of the Four Pole as a 
repeater antenna. 

downtilt theory 

The vertical radiation pattern of the Four Pole an¬ 
tenna results from pattern multiplication. The Four 


Pole elements are first considered as a vertical stack 
of four isotropic radiators (small radiating spheres), 
each spaced one wavelength above the next. The 
normalized far field pattern for this linear antenna 
array is given by eq.2*and tabulated in table 1. 

Sinn (180°s)cos6 + - 4 - 

E a - -=— (2) 

nSin (180°s)cos 6 + -f- 

where: E a = Field strength of the array (normal¬ 
ized to unity) 

n - The number of antenna elements 

s = The antenna spacing from center to 
center (wavelengths) 

d = The progressive difference in phase 
shift between antennas. The top ele¬ 
ment considered at 0 degrees for ref¬ 
erence (degrees) 

6 = The counterclockwise angle off verti¬ 

cal formed by a line from the array 
center to the desired field point 
(degrees) 

(There are a few values that when substituted in eq. 
2 produce an indeterminate form, e.g., zero divided 
by zero. This problem is overcome by use of the 
mathematical technique known as L'Hospital's rule* 
or by recalculating eq. 2 using a slightly greater 
angle, e.g., 6 + 1.) 



“Differentiate both the numerator and denominator and substitute 0 for 0. If 
eq. 2 is still indeterminate, repeat process. Ed. 
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Once the array pattern is solved the isotropic 
sources are replaced by vertical dipoles. This is ac¬ 
complished mathematically by multiplying the linear 
array pattern by the dipole pattern given in eq. 3. 6 
(The same method of overcoming indeterminates 
may be used here as was suggested for eq. 2.) The 
dipole calculations and pattern multiplication results 
are also shown in table 1. The resulting Four Pole 
pattern is plotted in fig. 4. 



E d = cos -& £f- se) (3) 

where: E d = Field strength of the dipole (normal¬ 
ized to unity) 

6 = The counterclockwise angle off verti¬ 

cal formed by a line from the center 
of the dipole to the desired field 
point (degrees) 

Since the dipole pattern is a constant, the only 
hope of creating a downtilt is by modifying some 
parameter in the linear array pattern. In examining a 


table 1. 

Calculated, normalized field strengths for the 

linear array (E a ) 

dipole (E d ), 

nd Four Pole (E Four p ole ) 

antennas. 




(Degrees) 

|EJ 

|E d l |E 

. .j 

1 , 

181 

1.000 

.014 

.014 

11, 

191 

.992 

.151 

.150 

21. 

201 

.894 

291 

.260 

31, 

211 

.562 

.432 

.243 

41, 

221 

.021 

.573 

.012 

51, 

231 

.272 

.708 

.193 

61, 

241 

.048 

.828 

.040 

71, 

251 

.238 

.922 

.291 

81, 

261 

.489 

.982 

480 

83.5, 

263.5 

.710 

.991 

.704 

91, 

271 

.993 

1.000 

.993 

96.5, 

276.5 

.710 

.991 

.704 

101. 

281 

.300 

.973 

.292 

HI, 

291 

.271 

.906 

.246 

121, 

301 

.047 

.805 

.038 

131, 

311 

.262 

.682 

.179 

141, 

321 

.130 

.545 

.071 

151, 

331 

.651 

.404 

.263 

161, 

341 

.928 

.263 

.244 

171, 

351 

.996 

.124 

.120 
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table of linear array patterns, 6 1 discovered that a pro¬ 
gressive phase delay of the lower Four Pole elements 
would, in theory, tilt the beam downward. In prac¬ 
tice, the phase delay is accomplished by placing ap¬ 
propriate lengths of 50-ohm coax cable between the 
antenna element feed points and the 72-ohm phasing 
harness, as illustrated in fig. 5. Although it is not 
necessary to add any length to the top element, 
doing so overcomes any phase errors caused by the 
addition of connectors used in the lower element 
phasing sections. 

determining downtilt 

The first step in formulating a downtilt is to deter¬ 
mine two depression angles. The first is the angle of 
the horizon and the second is the deepest angle 
where repeater shadowing is not to be allowed. Eqs. 
4 and 5 may be used for these angles respectively. 7 


. _ 0.0108P 
~ D 


(4) 


where: 


A 


The depression angle to horizon 
(degrees) 

The elevation difference of the re¬ 
peater site over the average terrain 
elevation (feet — multiply meters by 
3.28) 

0.0109 H , c » 

- D (5) 


where: A = The depression angle (degrees) 

H = The elevation difference of the re¬ 
peater site over the nearest point of 
shadowing concern (feet — multiply 
meters by 3.28) 

D = The horizontal distance from the re¬ 
peater to the nearest point of shad¬ 
owing concern (miles — multiply 
kilometers by .62) 


Once these angles are known, the half-power beam- 
width of the Four Pole may be fitted to these angles 
to provide optimum coverage. 

For example, assume a repeater is located on an 
8500 foot (2591 meter) peak overlooking a valley with 
an elevation of 4000 feet (1220 meters) and the differ¬ 
ence in elevation occurs over a distance of five miles 
(eight kilometers). Because the area is fairly moun¬ 
tainous, the average terrain height to the horizon 
could be estimated at 6000 feet (1829 meters). From 
eq. 4 and 5, the two depression angles are A^ = 0.76 
degrees and A = 9.8 degrees. 

Fig. 4 and table 1 show the half-power beamwidth 
of the Four Pole to be very close to 13 degrees or 6.5 
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degrees from the beam center to either side. If neces¬ 
sary, the half-power beamwidth may be widened by 
placing the elements closer together (this can be 
done by substituting proper value of s less than one 
in eq. 2). 

At this point, a decision must be made as to where 
the energy is to be distributed. I decided to use one 
wavelength spacing and to place the lower, half¬ 
power point at a depression angle of 9.8 degrees. As 
illustrated in fig. 6, the beam must be tilted down¬ 
ward 3.3 degrees. The upper half-power point then 
occurs at an elevation angle of 3.2 degrees which 
allows some of the signal to bend over the horizon to 
the DX stations. 

Although the calculations may be done by hand 
using eq. 2 and 3,1 used a computer program for the 
TRS-80 which is listed in fig. 7. As illustrated in fig. 
8, the program results indicate that a three-degree 
depression angle can be achieved with a fifteen- 
degree progressive phase delay to the lower Four 
Pole elements. The fifteen-degree phase delay coax 
length is calculated using eq. 6. 


= C P 
f 360 


100V 


( 6 ) 


where: L = The phase delay coax length (centi¬ 
meters — divide by 2.54for the length 
in inches) 


C = Velocity of a wave in free space 
(300,000,000 meters /second) 


f = The operating frequency (Hertz) 



fig. 8. A 15-degree progressive phase delay (with the 
top dipole having the shortest delay line) produces the 
indicated beam tilt. The main radiation is depressed 
nearly 3 degrees from vertical while the half-power 
beamwidth remains near 13 degrees. The array is cen¬ 
tered on the 0 to 180 degree axis with the top dipole in 
the 0 degree direction. 


P = The phase delay required (degrees) 

V = The velocity factor of the coax to be 

The phase delay length for 146.88 MHz will be 2.25 
inches (5.72 cm), assuming the velocity factor of the 
coax to be 0.677. Referring to fig. 5, the phase delay 
coax lengths from top to bottom will be 2.25 inches 
(5.72 cm), 4.5 inches (11.43 cm), 6.75 inches (17.15 
cm), and 9 inches (22.86 cm), respectively, 
mechanical considerations 

If the Four Pole is to remain free-standing in a high 
wind and ice environment, the antenna should be 
guyed at the top. A nonconducting guy cable such 
as Phillystran® may be used with standard-size cable 
clamps. 8 The bottom three to four feet (.914 to 1.22 
meters) should be steel guy cable to prevent rodent 
damage. 

Having worked on some pretty tough sites, I put 
quite a lot of thought into a Four Pole that would sur¬ 
vive. Fig. 9 details such an antenna, which I intend to 
test in the near future. A nonconductive support 
structure such as a wooden pole is ideal. However, 
with the antenna spaced a wavelength from the sup¬ 
port structure, even a metal tower should not greatly 
degrade the pattern. 

The antenna is constructed of alternate sections of 
the insulating guy material previously mentioned and 
no. 10 solid copper. Sections of PVC pipe are used to 
protect the horizontal runs of the phasing harness 
coax from ice damage. Since the tensile strength of 
the cable antenna is large, the antenna is used to 
support one end of the PVC sections. The opposite 
PVC section ends are clamped to the support struc¬ 
ture. 

A turnbuckle is used to tighten the antenna. The 
cross-sectional area of the antenna is small and pre¬ 
sents a very low wind resistance. Any vibration in the 
cable antenna tends to clear itself of ice. Finally, the 
antenna is omnidirectional because the elements are 
truly collinear. 

conclusion 

Antennas and mousetraps seem to fit the same 
category — someone is always after a better one. At 
present, one downtilt system has been tested. From 
this initial experience, the downtilt seems to reduce 
the amount of mobile chopping usually experienced 
in the canyons and gullies. Only one comparative test 
has been made, and in that test the downtilt was 
generally better than the standard Four Pole in both 
transmitting and receiving. 

This is an early stage in my experimentation with 
downtilt antennas and I would appreciate receiving 


34 G3 May 1983 







cable with high tensile strength) may solve the tough 
environmental problems encountered on mountain 
tops. PVC pipe is used to protect horizontal feed cable 


any test results olhers might gather using these an¬ 
tennas. 
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short vertical antennas 
for the low bands: 
part 1 


Relative performance of 
5 different shortened verticals 
is compared to 
full quarter-wave radiator 


The increasing popularity of the 160-meter band 
and recent FCC regulatory actions opening the lower 
100 kHz to normal Amateur operations have attracted 
Radio Amateurs to the top band. Many are discover¬ 
ing that wire antennas normally used on the higher 
frequencies require difficult to achieve heights and 
lengths for effective operation, especially 160 
meters. 

The decision to investigate verticals rather than 
doublets or other horizontal antennas resulted from 
space limitations and performance requirements. (A 
maximum height of 35 feet, one of the constraints, 
equates to 1/8 wavelength on 75 meters and 1/16 
wavelength on 160 meters. Most horizontal antennas 
at this height above ground provide only high-angle 
radiation.) A two-band trapped vertical is described 
that uses the same radiating element for both bands 
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fig. 1. Current distributions for three referenced anten¬ 
nas, each over perfect ground, and 36 watts input to 
antenna terminals. All to scale, so areas are directly 
comparable. (A) Current distribution of X/4 vertical 
(reference antenna) against a perfect ground, (B) Cur¬ 
rent distribution of X/16 (23 degree) top-loaded vertical 
against perfect ground, (C) Current distribution of X/16 
(23 degree) base-loaded vertical against perfect 
ground. 


By W.J. Byron, W7DHD, 5 Lambert Lane, 
Robbinsville, New Jersey 08691 
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and isolates the top-loading capacity hats with a 
trap. A short vertical can be nearly as efficient as a 
full-size quarter-wave vertical if it is top-loaded, and 
has an extensive ground system. 

design considerations 

A quarter-wave vertical has a radiation resistance 
of approximately thirty-six ohms. 1 In quarter-wave 
(or shorter) systems, over non-ideal ground, a total 
resistance (Ry) would be: 

Rt - R r + Rn + Rg 

where R T = radiation resistance 
Rq = circuit resistance 
R g = ground resistance 

Fig. 1 illustrates the calculated current distribution 
for three verticals. Fig. 1(A) is a plot of the current in 
the perfect quarter-wave, fig. 1(B) for a 23-degree 
high, top-loaded vertical, and fig. 1(0 for a 23- 
degree high, base-loaded system. Figs. 2 and 3 show 
the values for helical, center-loaded, and 50/50 top- 
and base-loaded verticals, all 23 degrees in electrical 
height. The calculations show that short verticals can 
be nearly as efficient as full-size antennas. (The 23 
degree electrical length is related to my height re¬ 
striction.) 

Short antennas have current distributions that can 
be approximated by triangular or trapezoidal shapes. 
The set of curves illustrated in fig. 4, extrapolated 
from a standard reference volume on antenna 
design 2 are used to determine the radiation 
resistance of short verticals for defined current 
distributions. 

The curves worked very well for the 160-meter ver¬ 
sion of my antenna. I departed from the specific 
domain of the curves in the evaluation of the radia¬ 
tion resistance of the 75-meter system. The 19-ohm 
resistance for a top-loaded 48.9-degree-high vertical 
(determined from fig. 4) is very close to the meas¬ 
ured value and to the value derived by original meth¬ 
ods. Figs. 5 and 6 resulted from my not knowing 
how far (or whether) to extrapolate the curves in fig. 
4. Fig. 5 has been modified to fit two well-measured 
resistances, but it is within three to five percent on 
the curve as derived. As modified, it is probably with¬ 
in one percent anywhere for 6 between 3 and 90 
degrees. Fig. 6 presents the radiation resistances of 
base-loaded verticals ranging from 6 degrees to 90 
degrees in height. Other combinations of base-load¬ 
ing and top-loading result in radiation resistances 
somewhere between these curves. 

Free-space wavelengths were used to calculate 
antenna heights. No attention was given to the ele¬ 
ment length-to-diameter ratio, or to end-effects. For 
most systems the length-to-diameter ratio is high. 


and the differences between, say 20 degrees and 21 
degrees in terms of radiation resistance is negligible. 

Once the calculations were made for the radiation 
resistances, the feedpoint resistances were defined, 
and the final evaluation proceeded. 
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In all calculations a lossless quarter-wave vertical 
was used as reference. Field strength is directly pro¬ 
portional to the product of the length of radiating ele¬ 
ment, and the current in that element in ampere-de¬ 


grees or ampere-radians. The areas under the profiles 
of currents in figs. 1 through 3 are equal to one 
ampere-radian for 36-watts of input power. The one 
exception, the helical antenna, was calculated at six 
ohms rf-resistance in the helicoid, and the integration 
was done graphically, since current varies linearly 
along its length. 

evaluation 

In order to compare the vertical antennas, a 
ground system consisting of 40 1/ 8 -wave radials was 
used. 

A quarter-wave vertical working against this 
ground system (12 ohms at 1.8 MHz) exhibits a 75- 
percent efficiency . 3 This ground system is now used 
with the shortened verticals. 

Since the calculated radiation resistance for a X/16 
base-loaded vertical is 1.5 ohms (see fig. 6 with 6 = 
23 degrees), the efficiency is 

V = 7 5 + J2 + 2 = 97 percent 

where the 2 in the denominator is the rf resistance of 
the wire in the base-loading coil. Consequently a 
base-loaded antenna over the same ground system is 
one-tenth as efficient as a lossless quarter-wave 
antenna. 

Since efficiencies are indicative of radiated field 
strengths, signal levels, referred to the quarter-wave 
standard, would be: 

20 log io (relative efficiency) = dB 

In the case of the base-loaded vertical, this 
becomes: 

20 log iQ (0.097) = - 20.26 dB 

Table 1 lists the expected performance of seven 
vertical antennas: 

All the calculations are the same, with the excep¬ 
tion of the helical vertical. It was evaluated by mak¬ 
ing some assumptions: it requires X/2 of wire to 
achieve X/4 resonance; wire size is No. 12, 250 feet, 
Rq = 6 ohms; overall height is 35 feet, or 23 degrees; 
very small (< 1 degree) top-hat (the pie tin); the cur¬ 
rent decreases linearly over the helix. 

The current distribution is triangular with an area 
equal to 1/2 1 6 ampere-degrees. It ranks seventh out 
of seven verticals, and was not further considered. It is 
a poor choice, especially when the amount of mate¬ 
rial and the difficulty of construction are considered. 

actual design 

Two-band operation would be achieved with the 
same radiator if a method of switching top hats could 
be engineered. This was accomplished by use of two 
separate top hats and a parallel-resonant trap. 
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table 1. Relative ranking of several vertical systems by field strength, constant 23 degrees aperture and constant power 


antenna 

system description 


B full-sized X/4 vertical 

C X/16 top-loaded 

D X/16 top and base loaded 

E X/16 center-loaded 

F X/16 base-loaded 

G X/16 helical 


conditions 
12 ohm ground 

12 ohm ground, 

1 ohm coil 

12 ohm ground, 

2 ohm coil 

12 ohm ground, 
2 ohm coil 
12 ohm ground. 


relative field 
strength, dB 


-2.5 

-10.0 


- 12.4 


- 20.28 



The 75-meter top-hat seemed achievable while 
top-loading on 160 meters (accounting for 67 de¬ 
grees or 105 feet of missing vertical) seemed more 
formidable. One source in 1915“ describes short verti¬ 
cal antennas that use umbrella-loading for top hats. 

trap affects performance 

Antenna performance depends on the behavior of 
the trap, tapped onto the 75-meter section at the 49 
degree point. The voltage is estimated at 1200 volts, 
peak, at a one-kilowatt power level. Since the large 
umbrella is connected to the other side of the trap, 
that end is assumed to be held constant at or near 
zero potential. The entire voltage appears across the 
trap. 


The T-200-2 (red core) powdered-iron toroids were 
wound with No. 12 solid copper wire and resonated 
with 400 pF at 3.8 MHz. The fundamental wave 
shape was observed at the kilowatt level for signs of 
distortion and for ticks in the reflected power on the 
Bird wattmeter. This was done to determine whether 
the trap core saturates. No calculation was perform¬ 
ed during design — an oversight. 

The trap is subjected continuously to the same 
abuse as is a tank circuit of a kilowatt linear which is 
unloaded, dipped to resonance, and driven by an ex¬ 
citer. Any trap must be designed to withstand that 
treatment. Consequently, any trap in any system 
should be built from the same size and quality com¬ 
ponents used in the amplifier that drives them — 
preferably better quality. 

power dissipated in the trap 

With a trap-resonating capacitance of 400 pF, and 
a trap-inductance of 4.5 ^H, both exhibit 108 ohms at 
3.8 MHz, while the ten feet of No. 12 wire has an rf 
resistance of 0.25 ohms. This calculates to 31 watts 
of power, dissipated by the trap. This would prove 
very significant if the antenna were subjected to five 
or ten minutes of RTTY or a-m operation. 

These considerations must be balanced by other 
factors. If the trap Q is increased, the loss is reduced; 
but so is the system bandpass. These are engineering 
trade-offs. The trap in this system effectively limits 
the 75-meter bandpass (between 2:1 VSWR points) 
to 86 kHz. Other methods are used to circumvent 
that limitation. 

Another characteristic of short antennas is their 
very low feedpoint impedance — so low that it is 
sometimes hard to measure. In highly efficient sys¬ 
tems the inclusion of even one ohm of non-radiating 
resistance will make a significant change in the feed- 
point resistance. The equivalent series-input resis¬ 
tance (Rq) of the trap resistance, calculated above, 
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may be estimated very closely if the as-built base cur¬ 
rent is known: 

Given Pp = 10.9 watts (dissipation in trap) 
and Ip = 7.14 amperes 

then R eq = = = °h m s 

So it is known already that the trap with its 0.25-ohm 
coil resistance will be reflected at the antenna base as 
0.61 ohm in series with the other instrinsic resis¬ 
tances. 

The calculated radiation resistance for the 75- 
meter system is 19 ohms. The measured feedpoint 
resistance is 19.6 ohms. It is highly probable that the 
0.6-ohm discrepancy can be explained by the rf resis¬ 
tance of the trap, calculated in the preceding para¬ 
graphs. 

The construction, measurements, and perform¬ 
ance characteristics of verticals in general, and of a 
two-band trapped vertical antenna in particular, will 
be described in Part 2, the conclusion of this article. 
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handi-antennas 


Three antenna improvements 
for 2-meter hand-helds — 
including a backpack beam! 

No Amateur Radio station is better than its anten¬ 
na. Most antenna articles seem to be for DXers or 
big-gun contesters, but this article discusses anten¬ 
nas for use with HT's that you can literally hold in 
your hand. The first is a mechanical improvement in 
attaching the rubber duckie to an HT; the second is 
an antenna with significant gain over the rubber 
duckie; the third is a backpack beam.. 

a mechanical improvement 

One day I had a QSO with WD6FMG who had just 
finished replacing the output connector on his HT. 
He remarked that he had been in the habit of remov¬ 
ing the rubber duckie every time he put the HT in his 
briefcase or connected the mobile whip. After re¬ 
moving and replacing the antenna many times, the 
connector had worn down and would not make a 
reliable contact. It was a difficult job to disassemble 
the transceiver and replace the output connector. 

This started me thinking. Wanting to avoid the 
same problem, I looked for a sacrificial connector, an 
adapter that could take the wear and then be re¬ 
placed easily. My first approach was to use a straight 
male-to-male adapter and a straight female-to-female 
adapter, This served the purpose, but seemed cum¬ 
bersome. 

Then I discovered that a BNC 90-degree elbow had 
one male and one female end. This could be used as 
a sacrificial connector, but made it necessary to hold 
the HT on its side, which is awkward. 

It's best to use two right-angle adapters. This 


arrangement has several benefits in addition to the 
sacrificial adapter. It is not necessary to remove the 
rubber duckie to put the HT in a briefcase, because it 
folds down compactly. For mobile or other use with 
an external antenna, the two adapters act as a swiv¬ 
el. This allows the antenna connector to bend and ro¬ 
tate when the HT is picked up or set down. 

a performance improvement 

Despite the convenience of the rubber duckie, 
there are many times when an antenna with more 
punch is needed. This is particularly true when oper¬ 
ating simplex, or in populous areas where repeater 
sensitivity must be restricted so that high-power sta¬ 
tions do not bring up several machines at the same 

Rubber duckie antennas are not particularly effi¬ 
cient; a quarter-wave whip can achieve 3 to 6 dB 
more radiated signal than the rubber duckie. Consid¬ 
ering the threshold effect of fm, 3 dB can make all 
the difference between good copy and no copy at all. 

Several more dB can be achieved over the quarter- 
wave whip by paying attention to the image or 
ground side of the antenna. There have been several 
articles describing the importance of a proper ground 
structure in achieving a low angle of radiation. After 
all, low angle radiation is the name of the game to in¬ 
crease your coverage on 20 meters or 2 meters. 

The easiest way to provide the ground side of the 
antenna is to use another quarter-wave whip posi¬ 
tioned down from the antenna feed point. The result 
is really a center-fed vertical dipole. I made this type 
of antenna as an experiment, and was very pleased 
with the improvement in signal strength for such a 
simple design. I have since used the dipole antenna 

By Paul A. Zander, AA6PZ, 86 Pine Lane, Los 
Altos, California 94022 
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The station, ready to be assembled. The longer antenna 
parts are in a plastic bag. The smaller pieces and a length of 
coaxial cable are in the smaller pouch. IPhoto courtesy 
N6ST.I 


to make contacts that would have been impossible 
with only a quarter-wave antenna. The half-wave di¬ 
pole seems to be competitive with a five-eighths 
whip without the problem of damaging the ceiling. 
Of course, you can reduce the half-wave to a quar¬ 
ter-wave when signals are strong enough. 

The half-wave antenna is basically two quarter- 
wave whips and a BNC tee adapter. The only trick is 
that the two whips must be fed out of phase: one 
whip connects in the normal fashion to the center 
conductor; the other whip is electrically connected to 
the outside of the connector. This is just like an 80- 
meter dipole connected to coax cable, where one 
side of the antenna is connected to the cable shield. 

One way to make the required connection is to 
modify the tee fitting so the center conductor on one 
end connects to the outside of the connector instead 
of the other center conductors. This procedure 
should take only a few minutes. Carefully drill a small 
hole, about 1 /8-inch (0.32-cm) diameter, slightly 
closer to one end than the other. Drill through the 
center conductor close to where it joins the center 
conductor from the side arm. If you are uncertain 
precisely where to drill.it may be preferable to enlarge 
the hole in the connect or shell. Then use a pointed 
knife blade to cut away the plastic and expose the 


three center conductors where they join. Next drill 
through the center connector going to one end. Be 
sure to leave the remaining two center conductors 
joined. 

The next step is to remove the piece of center con¬ 
ductor from the connector. If you are lucky the piece 
may drop out, but the drill probably will have created 
enough of a burr to hold the piece in place. Insert a 
short length of 18-gauge wire into the center con¬ 
tact. This will allow a pair of tweezers to grasp the 
contact without damaging the contact fingers. Gently 
pull the cut center conductor out of the end of the 
connector. 

The piece of 18-gauge wire can serve as a handle 
while you perform the next steps on the piece you 
just removed. Trim this piece a little bit shorter so 
there will be a gap when it is re-installed. Solder a 
short piece of flexible wire to the end of the cut 
piece. 

You are now ready to reassemble the connector. 
Thread the wire and attached piece of center con¬ 
ductor back into the connector. Solder the end of the 
wire to the outside of the connector. Use an ohm- 
meter to verify that the rewired center conductor is 
connected to the outside of the connector and not to 
the other center conductors. Fill the hole with epoxy 
to provide mechanical support for the rewired center 
conductor. When the glue hardens you are ready to 
try it out. 

A completely different approach is to use a stan¬ 
dard tee fitting, one standard whip and one modified 
whip. The connector of the modified whip has its 
center pin and insulating spacer removed. The insu¬ 
lator is replaced by a solid metal piece so the whip 
connects directly to the shell of its connector. 

still more gain 

My next design objective was to design and build a 
2-meter antenna with 10-dB gain which could be 
folded or disassembled into a size not more than 16 
inches (40 cm) long: small enough to fit into a back¬ 
pack. But what kind? 


table 1. Gain of driven arrays. 

number of elements possible gain 

1 OdB (reference) 

2 3dB 

4 6dB 

8 9dB 

16 12 dB 
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How much gain can you achieve with a driven 
array of dipoles? Adding a second dipole to the refer¬ 
ence antenna can add up to 3 dB to the gain figure. 
Another 3 dB is achieved by adding two more dipoles 
to the array, for a total of four elements. Table 1 
summarizes the number of elements required for a 
driven array of given gain, and shows why a driven 
array of dipoles is not attractive for use as a portable 
antenna. 

This brings us to another category of antennas, 
parasitic arrays. Table 2 shows the gain you can 
expect from a properly designed Yagi or quad using a 
reasonable number of elements. From this, we can 
expect to get 10-dB gain over a dipole from either a 
four-element Yagi or a three-element quad. This is 
much more promising than a ten-element driven 
array. In fairness, it should be pointed out that driven 
arrays can generally be made to work over a broader 
range of frequencies than parasitic antennas. Also, a 
quad or Yagi will require rotation toward the station, 
while a colinear antenna, having an omni-directional 
pattern, does not. 

Quads are great antennas. I used a full-size quad 
on 20 meters for many years. Quads can also be me¬ 
chanical marvels (or monsters depending on your 
point of view). The challenge is to build a bigger an¬ 
tenna that packs smaller! Quad antennas usually 
have mechanical spreaders which support the ele¬ 
ments. In contrast, Yagi antennas usually have self- 
supporting elements. These observations led me to 
expect that a cleverly designed Yagi antenna was the 
way to proceed. 

construction details 

This antenna design represents a compromise be¬ 
tween locally available materials, package size, and 
antenna performance. I decided to build a four-ele¬ 
ment Yagi which is assembled something like a cus¬ 
tom Erector™ Set. The boom and mast are each 
made from pieces of aluminum angle-stock. This 
allows the pieces to nest together when the antenna 
is packed. The elements are made of pieces of small 
diameter aluminum tubing. By making the individual 
boom pieces 16 inches (406 mm) long, three pieces 
can make a 48-inch (1220-mm) boom. This is a rea¬ 
sonable size for a four-element Yagi on 2 meters. 
Also, by making the element spacings 16 inches (40 
cm), the centers of the driven element and first direc¬ 
tor will be at joints in the boom, leaving fewer places 
where parts have to be joined. 

Having established the element spacings and 
diameters for mechanical reasons, I next needed to 
calculate the element lengths. Fortunately, I have a 


computer program for Yagi antennas. It includes an 
optimizer routine, which allows the computer to sys¬ 
tematically try many combinations of antenna dimen¬ 
sions to find those that would give good performance. 


table 2. Possible gain for Yagis and quads with dif¬ 
ferent numbers of elements. 


number 

of elements Vagi gain 

1 0 dB 

2 5-6 dB 

3 8-9 dB 

4 10-11 dB 

5 11 -12 dB 


quad gain 
(reference) 2d8 

7-8 dB 
10-11 dB 

12- 13dB 

13- 14dB 


For this particular antenna, I was most interested 
in achieving gain over the entire 2-meter band. Front- 
to-back ratio was not considered important. There 
are many combinations of element spacings and 
lengths which could be expected to give similar per¬ 
formance. However, the spacings were chosen for 
mechanical reasons. Furthermore, by making the 
two directors identical in length, the possibility for 
errors when assembling the antenna is eliminated. 
These compromises probably cost a dB or so over an 
antenna intended for maximum gain at one frequen¬ 
cy, but were considered worthwhile. 

As mentioned, aluminum angle-stock is used for 
the boom and mast. The boom is made from three 
pieces of 1/2 x 1/2-inch (13 x 13-mm) angle. Each 
piece is 16 inches (406 mm) long. Hence,'the assem¬ 
bled boom is 48inches (1220 mm) long. Similarly the 
mast is made from three pieces of 1/2 x 1-1/2-inch 
(13 x 38-mm) angle. The pieces of the mast and 
boom are joined by small aluminum blocks and 8-32 



Close-up of the joint between the first director and the 
boom. The boom is made from lengths of aluminum angle- 
stock which are fastened to the block by screws. The ele¬ 
ment halves screw into the sides of the same block. 
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The boom is assembled and the first part of the mast is 
added. (Photo courtesy N6ST.) 


cap screws. Slots in the ends of the aluminum angle 
allow the pieces to slide apart when the screws are 
loosened, without being completely removed. Keep¬ 
ing the screws in the blocks reduces the effort 
needed to reassemble the antenna. The cap screws 
can be hand-tightened adequately for temporary use. 
I carry a small hex-wrench to tighten them more 
securely for longer operating periods. 

The elements are made of 1/4-inch (6-mm) alumi¬ 
num tubing. The eight tip sections are each 16 inches 
(406 mm) long. The center sections are 2 inches (50.1 
mm) long for the directors, 3 inches (76.2 mm) for 
the driven element, and 4 inches (101.6 mm) for the 
reflector. Making the center sections different 
lengths makes it very easy to put them in the correct 
place on the boom. The correct tip section is always 
the top piece on the pile. 

On each of the sixteen element-pieces, the end 
towards the boom has a permanently attached 8-32 
thread. This was done by first tapping a screw thread 
inside the tubing. Next the end of a 0.5-inch (12-mm) 
headless set-screw was dipped in epoxy. Then the 
set screw was threaded into the end of the element 
piece until about 0.25 inch (6 mm) was exposed. 
After the epoxy set, the screw was permanently fixed. 

The outer end of each of the center sections has 
an internal 8-32 thread to receive the screw from the 
tip section. This thread is installed by reaming the in¬ 
side of the tubing to the correct diameter and putting 
a steel-threaded insert in the tube. These inserts are 
commonly sold to repair threads which have been 
stripped. Here the insert protects the aluminum from 
wear as the antenna is assembled and disassembled. 


The thread size was chosen to be compatible with 
the tubing-wall thickness and inside diameter. You 
may well find that a slightly larger or smaller size is 
better suited to your tubing. 

Assembly is begun by lining up the boom pieces 
and tightening the screws. Then the mast is assem¬ 
bled and connected to the boom. Next, the center 
sections of the elements are screwed into the sides of 
the same blocks which join the boom pieces. Finally, 
the element tips are put in place. 

The antenna can be easily assembled or disassem¬ 
bled in under five minutes. At current prices, all of 
the material costs about $10 at the local metal sup¬ 
plier. The whole thing weighs under two pounds, 
which is certainly less than an amplifier and power 
supply. 


1 table 3. Final element lengths. 


Director 1 

36.5 inches 

927 mm 

Director 2 

36.5 inches 

927 mm 

Driven Element 

38.5 inches 

978 mm 

Reflector 

40.5 inches 

1029 mm 


feedline matching 

Nothing has yet been said about connecting the 
feedline. The center of the driven element is a Plexi¬ 
glas™ block instead of the aluminum blocks used 
elsewhere. The driven element is fed as a center-fed 
dipole. With no matching circuit, the SWR is about 
6 : 1 . 

The original plan was to make a small circuit board 
with a suitable impedance-matching circuit. This 



Close-up of the driven element and matching circuit. The 
mechanics are the same as Photo 2 except that the block is 
acrylic plastic and the coax cable is connected to the two 
sides of the driven element. The tubular capacitor is used 
for impedance matching. 
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approach was expected to be smaller and lighter than 
a gamma match or some of the other impedance¬ 
matching methods. After some experimenting with 
different matching circuits, it turned out that a simple 
capacitor is all that is needed. Without matching the 
driven element would present an impedance consist¬ 
ing of a small resistance and inductance. The addi¬ 
tion of a 10-pF capacitor across the antenna termi¬ 
nals provides a VSWR of 1.5 to 1 to the feedline 
(over the entire band). 

Experiments were made with the center conductor 
of the coax connected to the top side and the bottom 
sicte of the driven element. The antenna seemed to 
work better with the top side connected to the center 
conductor. Possibly there is some interaction with 
the metal mast which is on the bottom of the anten¬ 
na. Experiments were also made with and without a 
balun. The balun does not seem to offer any im¬ 
provement, and so is not included in the final design. 

performance measurements 

Antenna gain was checked in two ways. The first 
way was to switch between a dipole and the beam 
while asking the receiving station for a comparison. 
This yielded reports as high as 20 dB. 

More reliable measurements can be made compar¬ 
ing the received signal strength. A switchable attenu- 
alor should be put in the feedline. A moderately 
strong signal is then tuned in, and the attenuator 
adjusted until the signal just breaks the receiver 
squelch. Next, the beam antenna should be con¬ 
nected and the attenuator readjusted until the signal 
breaks the squelch. The difference lin attenuator 
readings) is antenna gain. For tests in clear locations, 
the gain measures about 10 dB, as expected. 

Under conditions of multi path propagation, re¬ 
sults are less consistent. Small changes in the posi¬ 
tion of the reference dipole make a big difference in 
the received signal-strength. 

However, since multi-path propagation is a com¬ 
mon occurrence on 2 meters, let's consider it for a 
moment. In multi-path propagation, obstacles and 
reflecting objects cause the signal to reach the re¬ 
ceiving antenna from two or more different direc¬ 
tions. For simplicity, consider the extreme case 
where there are two signals of equal strength. At 
some antenna locations, the signals are out of phase 
and cancel. In this case no net signal will be picked 
up by the antenna. At other locations the signals will 
be in-phase and add. The antenna will pick up a total 
signal which is 6 dB stronger than if the antenna only 
picked up one of the signals. Under these conditions, 
a carefully placed vertical dipole could equal the per- 



The author carrying the complete station to a hilltop operat¬ 
ing site. (Photo courtesy N6ST.) 


formance of a directional antenna with 6-dB gain. 

This is the type of effect which I have observed 
with the portable beam. Under conditions of severe 
multi-path propagation, it does not have the 10-dB 
gain over a dipole. However, the beam does have a 
different advantage: it is much less sensitive to posi¬ 
tion than the dipole. In trying to raise a distant re¬ 
peater, aiming the beam in the right direction and 
making one transmission is all that is necessary. With 
the dipole, several attempts may be needed to find a 
good spot. Even then, a 10-dB beam still has an ad¬ 
vantage in signal strength. 

alternative construction ideas 

I would like to suggest two other ways to build a 
portable beam. First, instead of tubing the elements 
could be made from pieces of metal measuring-tape. 
The tape would be strong enough to hold itself up 
when the antenna is in use. The elements could then 
be coiled up for carrying. 

A more exotic scheme would be to build the anten¬ 
na on a sheet of Mylar plastic with elements made of 
strips of aluminum foil. Such an antenna could be 
folded up and put in your shirt pocket. The difficulty 
with this design is finding a way to hold the antenna 
up when you wish to operate, and keeping it from 
blowing away in a breeze. 

conclusion 

I am sure that any of these three ideas will make 
your 2-meter portable operations more enjoyable. 

ham radio 
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achieving the 


perfect vhf 

Principles borrowed from 
a-m broadcasters 
permit steerable nulls 
with theoretically 
infinite attenuation. 

With fixed-location VHF stations, such as repeat¬ 
ers, a situation sometimes occurs where more than 
one station is received on a given channel, and one 
of them must be rejected. A common solution has 
been to use a directional antenna such as a Yagi. 
However, a single antenna may not provide the re¬ 
quired signal rejection. 

For years, standard a-m broadcast stations have 
used directional antenna systems to solve interfer¬ 
ence problems. The principles involved are applicable 
not only to the standard a-m broadcast band, but 
also to VHF antenna systems. Many problems can 
and have been solved using only two antennas. 12 - 3 ' 4 

design considerations 

Several factors are important in the design of an 
antenna system capable of peaking signals from one 
direction while nulling those from another. For peak¬ 
ing, two signals must be in phase. For signal nulling, 
the basic requirement is having two signals that are 
equal in amplitude and have a phase difference of 
180 degrees.* 
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antenna null 

A two-antenna system that provides a peak in one 
direction and a null in another is shown in fig. 1. 
Signals from direction A arrive at both dipoles (hori¬ 
zontal or vertical) at the same time. The spacing be¬ 
tween the two antennas cause signals from direction 
B to arrive at antenna 2 with a time difference equal 
to one-half wavelength, equivalent to a 180-degree 
phase shift. If both antennas are fed in phase (equal 
length feedlines), signals from direction A add while 
those from B cancel. 

The equation for determining required spacing is: 

c _ 5904 

f | sinot | 

where a is the angle between the desired signal and 
the undesired signal directions;/is the frequency in 
MHz; and 5 is the antenna separation in inches. 

The nulling arrangement works well with practical¬ 
ly any antenna — horizontal dipole, vertical dipole, 
and Yagi, etc. The angular displacement between 
the directions of the two signal sources may be any¬ 
thing from 0 to 360 degrees. Since the same absolute 
value of the sine function occurs four times over a 
complete rotation, any pattern is symmetrical and ex¬ 
hibits four separate nulls. Consequently, the required 
spacing for an angular displacement between signal 
sources of 45 degrees is the same as that required for 
one of 135 degrees, 225 degrees, or 315 degrees. 
Other antenna separations, such as odd multiples of 
S, can provide the same results. However, there is a 
limit to practical applications of this system. The 
spacing required for angular displacements around 
0 degrees and 180 degrees becomes too large to 
implement. 

By John J. Duda, K3ED, 4311 Sunset Blvd., 
Erie, Pennsylvania 16504 



more practical nulling methods 

Required mechanical tolerances for antenna place¬ 




ment can be relaxed if additional techniques, such as 
electronic control of phase-shift and amplitude, are 
employed. The exact 180-degree phase shift for the 
undesired signal may be set by feedline length, and 
variable gain preamplifiers may be used to provide 
two signals of equal amplitude. An adjustable feed¬ 
line design 6 that provides a continuous phase shift is 
illustrated in fig. 2. 

Construction of this is not a simple task. However, 
a small amount of error is tolerable; fig. 3 is indica¬ 
tive of a practical feedline design. Many hobby stores 
stock, or can obtain, brass tubing with a wall thick¬ 
ness of 1/64 inch and diameters at 1/32-inch grada¬ 
tions. Adjacent sections telescope together, and by 
proper selection of tubing size for the inner and outer 
conductors, the characteristic impedance of each 
section can be set to approximate either 50 ohms or 
75 ohms at a unity velocity factor, As it works out, 
type F and BNC connectors are well-suited for mount¬ 
ing into the ends of these. For some of the smaller 
diameter units, however, it is necessary to file down 
the end of the connector for best fit. 

To assure a solid assembly, the flange of each con¬ 
nector should be spot-soldered to the tubing. A 
string is clamped to each end, slightly shorter than 
the maximum extended length of the section, to pre¬ 
vent the section from separating into two pieces dur¬ 
ing adjustment. Table 1 lists practical combinations 
of tubing for use with type F and BNC connectors. 

Amplitude match, the second condition, is ob¬ 
tained using the preamplifier shown in fig. 4. The 
preamplifier uses an untuned input circuit to reduce 
gain variations prior to signal combining. Any pream¬ 
plifier instability can be reduced by placing a low- 
value resistor (10-27 ohms), or ferrite bead, in the 
drain lead of each J310. 

A complete system that uses Vagi antennas in the 
array appears in fig. 5. The phase section and pream¬ 
plifier unit were adjusted using signals in the fm 
broadcast band. In many cases signals could be null- 


table 1. Brass tubing combinations for practical adjustable-length sections using 75-ohm and 50-oh 

m coaxial cable. 

conductor section A 

outer 13/32 OD 

inner 4/32 OD 

impedance 

(ohmsl 

65.9 

section B 

12/32 OD 

3/32 OD 

impedance 

(ohmsl 

77.9 

impedance 

(ohmsl 

71.9 

outer 14/32 OD 

inner 4/32 OD 

70.6 

13/32 OD 

3/32 OD 

83.1 

76.9 

outer 10/32 OD 

inner 3/32 OD 

65.8 

9/32 OD 

2/32 OD 

83.1 

74.4 

outer 14/32 OD 

inner 6/32 OD 

46.3 

13/32 OD 

5/32 OD 

52.4 

49.3 
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fig. 4. Diagram of preamplifier unit for adjusting signal 
level from each antenna. 


ed down to noise level. In some cases nulling one 
station revealed another station on the same channel. 

system limitations 

The system is not totally effective in cases of multi- 
path, where the undesired signal arrives from more 
than one direction. Nor is the system totally effective 
if the antennas are not rigidly mounted. It takes very 
little physical displacement to upset a perfect null 
setting; this means antenna rotators cannot be used 
as they provide too much variability in setting, as well 
as backlash. 

Although the antennas are electronically fine- 
tuned for nulling the undesired signal, such care, as 
mentioned before, is not required for peaking. An 
error of as much as 10 electrical degrees from bore- 
sight reduces the gain by only about 0.3 dB. 


special case: 

180-degree displacement 

If the signal to be rejected is coming from the 
direction opposite the desired signal, another config¬ 
uration can be used. Fig. 6 shows two antennas, a 
quarter-wavelength apart and fed 90 degrees out-of- 
phase. Signals from A hit antenna one 90 electrical 
degrees before they hit antenna two. Since the feed¬ 
line from antenna one is 90 electrical degrees longer 
than that from antenna two, signals from direction A 
arrive in-phase. On the other hand, signals from B hit 
antenna one 90 electrical degrees after they hit 
antenna two. They are further delayed another 90 
degrees by the long feedline to antenna one, giving a 
total phase shift of 180 degrees. Spacings at any odd 
multiple of a quarter-wave also provide nulling. 

Fig. 7 shows how Yagis may be used in a system 
exhibiting infinite front-to-back ratio. Again, the 
peaking criteria need only be approximated, while 
the system is electronically fine-tuned to give total 
nulling of the signal off the back. Slight shifts in 
spacing and/or feedline length may be used to gen¬ 
erate nulls in the vicinity of 180 degrees. The null can 
be slewed off the 180-degree direction by changing 



fig. S. Practical antenna system with electronic null 
adjustment. 



fig. 6. Dipole pair setting for peaking signals from one 
direction and nulling those displaced 180 compass 
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antenna spacing, feedline length, or both. Another 
method is to maintain the 180-degree null point and 
to aim the back of the array toward the undesired 
signal. 

the first system, or at some odd multiples of a quar¬ 
ter-wave in the second system, has value. The closer 
together two antennas are placed, the more they in¬ 
teract. Wide spacing effectively reduces this inter¬ 
action. 

transmitting arrays 

Null principles can be applied to transmitting sys¬ 
tems as well. Fig. 8 shows how two power amplifiers 
and an adjustable-length line section can be used to 
secure a perfect null in a transmission pattern. Feed¬ 
line length from each amplifier to the antenna should 
be equal. Amplifier input lines, as measured from 
their common junction, should be equal in length, or 
have a difference of one-quarter wavelength, de¬ 
pending on the system used. 


temperature changes 
influence pattern 

Another factor to consider is the effect of tempera¬ 
ture on feedline length. This has been a problem in 
broadcast applications. 6 The effect may be mini¬ 
mized by making the outdoor portion of each feed¬ 
line section equal in length. The adjustable-length 
line section and preamplifier unit are best located in¬ 
doors near the receiver, protected from the ele¬ 
ments. Flere they can also be adjusted by observing a 
local field-strength meter. There should be minimal 
signal pick-up by the feedlines, as any direct signal 
pick-up by a feedline serves to mask the true antenna 
pattern. It has been reported that military RG cable 
provides about 35 dB shielding, whereas less expen¬ 
sive cable may provide only 20 dB. Full braid, duofoil, 
or double-shielded coaxial feedline may be necessary 
in difficult situations. 7 

Finally, the nulling criteria holds only for a single 
frequency. However, attenuation remains high 
around the set frequency. For example, if the null is 
set for the carrier of an fm broadcast station, which 
has a channel of + / -100 kHz, the calculated atten¬ 
uation decreases from infinity at the carrier frequen¬ 
cy to about 80 dB at the channel limits. 

The systems described here can solve many prob¬ 
lems. If there is another signal on a desired repeater's 
frequency, it can be nulled out. Setting a null in a 
transmitting pattern may offer a solution to an rfi 
problem. Then too, the systems may be used to re¬ 
duce interference in fm broadcast or TV station 
reception. An interesting application is nulling one of 
the desired signals in a multipath distortion problem. 
By adding two coaxial relays it is possible to expand 
the system to the capability of switching the null 
from one direction to another. For example, the addi¬ 
tion of a half-wave section in either feedline may be 
used to reverse null and peak directions. The adjust¬ 
able-length line section and preamplifier are also 
effective with circularly polarized antenna systems, 
since they permit total nulling of signals of one sense 
or the other. 
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TECHNIQUES 


Antenna experimentation is one 
of the few fields in which an Amateur 
can participate armed only with en¬ 
thusiasm, a tape measure, an SWR 
meter and inexpensive tools. No 
Ph.D. degree in higher mathematics 
or computer technology is required. 

One of the best candidates for 
home experimentation is the quad an¬ 
tenna (fig. 1). The quad loop can be 
built in many configurations. The 
support structure can be as uncom¬ 
plicated as a set of bamboo poles and 
the whole arrangement can be built 
for only a few dollars. A single loop 
parasitic element added to the driven 
loop makes a two-element quad 
beam. In many areas of the world 
where aluminum tubing is hard to 
find, or prohibitively expensive, the 
quad antenna is the best answer to 
the need for a high-gain, high-fre¬ 
quency antenna. 

the single-element 
loop antenna 

While the loop antenna has been 
known since the early days of radio, 
the use of a large loop for hf transmis¬ 
sion was not seriously investigated 
until 1938 when Clarence Moore, ex- 
W9LZX, developed a two-element 
loop antenna for shortwave broad¬ 
casting. The Moore design was an in¬ 
stant success and the so-called quad 
antenna has been popular with Ama¬ 
teurs worldwide for the past four 
decades. 

The simplest quad is a single loop 


which provides horizontal polariza¬ 
tion when fed as shown in fig. 1. The 
loop has a bi-directional pattern simi¬ 
lar to that of the dipole. Loop gain 
and feedpoint impedance are a func¬ 
tion of the shape of the loop. The 
loop having the highest gain and 
feedpoint resistance is the circular 
model. This provides a power gain of 
about 1.13 dB over a dipole with a 
feedpoint impedance of 135 ohms. 
The square design has a gain of about 
0.85 dB over a dipole and a feedpoint 
impedance of 120 ohms. The triangu¬ 


lar, or '"delta,” loop provides a gain of 
about 0.55 dB over a dipole and a 
feedpoint impedance of 105 ohms. 

An intermediate-design loop which 
provides a power gain of 1.5 dB over 
a dipole and a feedpoint impedance 
of 50 ohms is shown in fig. 2. This 
quad loop (while a bit unwieldy for 
the lower frequencies) is an excellent 
antenna for the higher bands, as it 
provides bi-directional gain and can 
be fed directly with a 50-ohm coaxial 
line. A similar design, to match a 75- 
ohm line, is also shown. 
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fig. 2. Single element quad loops for 50- 
and 75-ohm feedlines. 


The delta loop and the circular 
loops have a feedpoint impedance 
somewhat different from that of the 
square, but all of these designs can 
be nicely matched to a 50-ohm trans¬ 
mission line by the use of a quarter- 
wavelength, 75-ohm transformer be¬ 
tween the line and the loop. Data for 
such a transformer is given in fig. 1. 

The loop antenna is balanced to 
ground at the feedpoint and it is a 
good idea to isolate the outer shield 
of the coaxial feedline from antenna 
current. This can easily be done by 
winding the line into a four-turn coil 
about 8 inches in diameter directly 
below the loop. The plane of the coil 
should be at right angles to the plane 
of the loop. 

One of the advantages of the loop 
antenna is that it can be supported at 
the midpoint by a single pole. Proper¬ 
ly built, the loop is not obtrusive and 
can be used in areas where more con¬ 
spicuous ham antennas are frowned 
upon. 

The 50-ohm or 75-ohm loop can be 
turned on a side to provide a vertically 
polarized array for low-frequency 
operation. For 40 meters, for exam¬ 
ple, loop height is only about 22 feet, 
and the extensive radial system that is 
required for a ground plane antenna 
is not as necessary (see fig. 3). 

the cubical quad 
beam antenna 

Adding a parasitic element to the 
driven loop produces the famous 
cubical quad antenna pioneered by 
ex-W9LZX. The quad is a unidirec¬ 


tional array providing a power gain of 
about 6 to 7 dB with a good front-to- 
back ratio. Both gain and f/b ratio de¬ 
pend upon element separation and 
tuning, as is the case with the tradi¬ 
tional Yagi beam design. 

It is difficult to surpass the advan¬ 
tages offered by the simple two-ele¬ 
ment quad. It is light and has low 
wind resistance, and it provides high 
gain in a small package. The feed sys¬ 
tem is uncomplicated. In addition, 
since the elements are continuous 
and have no tips, rain static problems 
(often a headache with the Yagi 
beam) are nonexistent. The cubical 
quad beam is thus an ideal antenna 
for the DXer who wants to get good 
results with a minimum expenditure 
of money. 

a practical two-element 
cubical quad 

Data for a practical two-element 
quad are given in fig. 4. Boom length 
is about 0.12 wavelength, which pro¬ 
vides a compact design and a good 
match to the coaxial transmission 
line, since feedpoint impedance of 
the quad is a function of element sep¬ 
aration as well as tuning. The reflec¬ 
tor loop is pre-cut to the correct di¬ 
mension and requires no adjustment 
after assembly. Important dimensions 
are shown in the illustration, the 
length R being the distance from the 
center point of the assembly to the 
point of attachment of the wire to the 
support structure. 


The crossarms for the quad should 
be made of insulating material. Many 
quad assemblers have run into prob¬ 
lems when metal arms are used for 
the array. It is possible to insert insu¬ 
lating sections in metal crossarms, 
but the builder is advised to stay 
away from this complicated tech¬ 
nique. Fiber glass poles, bamboo, 
and PVC pipe have been used suc¬ 
cessfully for quad arms. 

Most homemade quads use a sec¬ 
tion of 2- or 3-inch diameter alumi¬ 
num tubing for the boom. The two- 
element quad usually requires 2-inch 
tubing, but a quad for 6 or 10 meters 
can use a smaller diameter boom. 

Boom-to-crossarm clamps are 
available from several manufacturers, 
but many builders have made their 
own out of a plywood sheet and gal- 
vanized-iron angle brackets. If you 
take this approach, make sure that 
the edges of the plywood are sealed 
against moisture penetration. Two or 
three coats of outdoor house paint 
will do the job. 

A more exotic design makes use of 
a "spider" arrangement which em¬ 
ploys multiple crossarms supported 
from a central point on the mast, at 
the middle of the array. 

how high the quad? 

Experience has proven that the 
quad antenna will perform well even 
though mounted close to the earth. 
As an example, the main lobe of a 
quad antenna mounted one-quarter 



plane as high above ground as possible. Bring feedline off horizontally. 


May 1983 G9 53 





fig. 4. Design data for two-element 
quad. Dimension R is approximate dis¬ 
tance from center point of loop assem¬ 
bly to point of attachment of wire. 

wavelength above the ground is at an 
elevation angle of 40 degrees, 
whereas the angle of maximum radia¬ 
tion of a dipole at the same height is 
straight up. 

At a height of three-eighths wave¬ 
length the angle of radiation of a 
quad is about 32 degrees below that 
of a Yagi or dipole at the same height. 
Finally, at a height of one-half wave¬ 
length, the radiation angle of the 
quad and the dipole (or Yagi) are 
about equal. (The height of the quad 
is measured to the bottom of the 
lower element, as that is the point at 
which the quad is usually supported). 

The upshot of this is that the quad 
does better in terms of low elevation 
angles than does either the dipole or 
the Yagi beam. True, a height of one- 
quarter wavelength is not a good one 
as far as low-angle, long-distance DX 
is concerned, but if you are stuck 
with it, it is better to use a quad than 
almost any other antenna because of 
the lower angle of radiation. 

Those Amateurs lucky enough to 
get the quad up in the air from 40 to 
60 feet above ground will quickly find 
out why the quad achieved world¬ 
wide popularity in a very short time. 
Build a quad and enjoy! 


RFI revisited — 18 MHz 

The 18-MHz band (18.068-18,168 
MHz) has not been opened for gen¬ 
eral use in the United States, al¬ 
though Amateurs in several other 
countries are already using it on a 
non-interference basis. Use of the 
band in the U.S. poses some interest¬ 
ing problems so far as RFI goes. The 
third harmonic of the band (54.2-54.5 
MHz) falls extremely close to the 
video (picture carrier) frequency of 
television channel 2 (55.25 MHz). 

This situation is unique; I can't 
think of another circumstance where 
the harmonic frequency of an Ama¬ 
teur band falls so close to a television 
video channel. 

My experimental license (KM2- 
XDW) permits restricted operation in 
the 18-MHz band, and this provided 
the incentive to explore the question 
of TVI on this new ham band. One of 
the first experiments I ran on 18 MHz 
was to determine the degree of TVI 
that I would encounter when oper¬ 
ating on this band. I used my regular 
station equipment, which included 
TVI suppression techniques such as a 
lowpass filter in the transmission line, 
bypassed power lines, and good 
equipment grounding. This sufficed 
to provide adequate TVI protection 
on all Amateur bands when the TV 
receiver was equipped with a high- 
pass filter. Alas, operation on 18 MHz 
quickly pointed out that ordinary TVI 
suppression was insufficient in my 
case to reduce channel 2 television in¬ 
terference to an acceptable level. 
After a few false starts, however, I 
was able to clean up the problem, 
which seemed to be a combination of 
fundamental overload plus harmonic 
interference. Here's what I did: 

First: I wound about five turns of 
the transmission line (RG-58/U) at 
the transmitter around an iron-pow¬ 
der toroid core of 2 % inch diameter 
(Amidon T-225-2). This was done to 
"cool off" the outside of the coaxial 
line to the antenna. A similar toroid 
choke was placed at the antenna end 
of the line. 


Second: The garden variety high- 
pass filter on the television set was re¬ 
placed with a higher attenuation unit 
(J.W. Miller C-513T3 for 300-ohm 
line, or C-513-T2 for 75-ohm coaxial 
line). These filters provide about 60 
dB of attenuation to signals below 40 
MHz. 

Third: The line cord of the televi¬ 
sion receiver was wrapped around a 
ferrite core, similar to the one used on 
the transmitter feedline. This was 
done to isolate the receiver from rf 
picked up by the power line. 

After these three fixes were incor¬ 
porated into the station, the televi¬ 
sion receiver was reasonably clear 
during 18-MHz operation, even at a 
kilowatt input level. I was transmit¬ 
ting into an antenna only about 18 
feet away from the TV antenna. 

It was interesting to note that 
some TVI measures actually degraded 
the TV picture. One brand of TV fil¬ 
ter, for example, when placed in the 
ribbon line, seemed to upset the TV 
tuner, as it produced "sound bars" 
on the picture which wiggled about 
with the audio signal. Removing the 
TVI filter and replacing it with the one 
specified cleaned up the wiggly lines. 

Grounding the TV receiver chassis 
(through a 0.01-/$F, 1.6-kV disc ca¬ 
pacitor for protection) increased the 
TVI level, possibly because the 
ground lead was long enough to act 
as an antenna at 18 MHz. 

In summary, it is possible to clean 
up TVI at 18 MHz, but it takes special 
care to make sure the transmitter is 
"clean" for channel 2 reception. In 
addition, the television receiver has to 
have a good highpass filter in front of 
it to provide maximum overload pro¬ 
tection from the transmitter. 

references 

1. For comprehensive data on all types of quad anten 
nas, read: "All About Cubical Quad Antennas, 1 ' avail 
able for $5.95 plus $1.00 shipping from Ham Radio s 

2. For additional information on TVI and RFI, read, 



yffh,' New Hampshire 03048. 
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An effective DX antenna 
that’s easy to put up 
— and that stays up 


four-vertical collinear element 

20-meter array 




I had never been impressed with vertical antennas 
until I phased a pair of 40-meter quarter-wave verti¬ 
cals a few years ago. Since the two worked so well, it 
seemed reasonable that four should work even bet¬ 
ter. I constructed a phasing box for four in-line verti¬ 
cal antennas.' However, not having the time to erect 
this system, I stored the relay box away. 

A job change some time later brought me to a 
small ranch duplex adjacent to an open field. I 
erected a single 20-meter quarter-wave vertical in the 
middle of the field using a ground system consisting 
of eight 16-foot-long three-conductor radials. 

four-element array 
construction begins 

Soon after this I started gathering parts for the 
four 20-meter verticals. Using pieces of 1-inch (25.4- 
mm), 7/8-inch (22.23-mm), and 3/4-inch (19.05-mm) 
aluminum tubing with 0.058-inch (1.45-mm) walls, I 
constructed four 16-foot 6-inch radiators using stain¬ 
less steel automotive hose clamps and a slit tubing 

By Jim Gabriel, VVA8DXB, 15 Cambrian, Tall- 
madge, Ohio 44278 
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fig. 2. Basic ground system under each radiator, consisting 


technique. The base insulators were old plastic spac¬ 
ers from a 20-meter quad. The antenna was mounted 
on 1-inch treated-wood dowels driven several feet 
into the ground (fig. 1). 

The ground buss consists of surplus copper disks 
from a junk yard. A 1-1/8-inch (28.56-mm) hole was 
cut in the center of the disk and a series of holes 
drilled around the perimeter with radials attached to 
them by brass nuts and bolts (fig. 2). The radials 
were number 16 insulated ac house wire. Finally, 
each disk, as well as the antenna connections was 
given two coats of clear Krylon® to retard corrosion 
after radial wires were attached. 

The verticals were laid out in line from northwest 
to southeast, the switchable end-fire directions. 
When the two broadside lobes were switched in, two 
squashed figure-eight lobes resulted, one on south¬ 
ern Europe and the other on the South Pacific. Since 
I was mostly'interested in working into Asia, I consid¬ 
ered this the best compromise. 

The verticals were spaced 16-feet 6-inches (5.03 
m) apart and each was fed by equal three-quarter 
wavelength RG-8X coaxial lines. The main feeder, 
power divider, and three phasing lines used RG-8. 
The ground systems consisted of four single-conduc¬ 
tor quarter-wavelength wires under each antenna, 
making it difficult to work into Asia. The small 
ground system adversely affected the array perform¬ 
ance. After adding eight three-conductor 16-foot 6- 
inch (5.03-m) radials to the original four wires, (a 
total of twelve radials) I noticed 4 to 6dB difference 
in transmission and a bit better front-to-back ratio on 
receive. Knowing the importance of a good ground 
system and with a future 40-meter installation in 
mind, I laid an additional thirty 33-foot-long radials 
under the two outer (NW) verticals, in about the 120- 


degree sector. A total of forty-two radials were now 
connected to the outer antennas. 

The VSWR using only twelve radials was NW - 
1.2:1; SE -1.4:1; broadside - 2.4:1. With the addition 
of thirty 33-foot-long radials under the two outer 
antennas, the VSWR was reduced to N W - 1.05; SE - 
1.15:1; broadside-2.01:1. 

The relay phasing box, fig. 3, is wired as shown in 
fig. 4. Internal leads should be kept as short as possi¬ 
ble. When constructing the relay lines, phasing har¬ 
nesses, and power dividers, remember that the 
velocity factor of coax can be 0.66, 0.77, and 
sometimes 0.81. It pays to check what the VF is 
before you start cutting the coax. The electrical 
length of the phasing lines is f° r a 90- 

degree or one-quarter wavelength line." For the 180- 
degree or 270-degree lines, just multiply by a factor 
of two and three respectively. I used type-N connec¬ 
tors and a type-N female T-connector for the power 
divider since they are waterproof and constant impe¬ 
dance devices. I found the rubber boots for the phas¬ 
ing box connectors at a hamfest. The RG-8 coax and 
relay wire (inexpensive doorbell wire) was placed 
along a neighbor's fence. I used surplus 50-cycle 120- 
Vac large-contact relays that actuate at 35 Vdc. 

The vertical array is easy to access (phasing box 
and antenna connections) and maintain. If a 16-foot 
radiator falls down as a result of heavy winds or ice 
loading, it can be rebuilt easily. 

performance 

I worked two VK stations, both running little 
Heathkit HW-8 QRP transceivers! On checks with 
UA0WAY and UA90H running just the 100-watt 



fig. 3. Relay box. phasing lines, and antenna input power 
divider (T-connector}. 


‘See assumption Son page 20. 
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Perfect for EME, aurora, meteor and tropo scatter, 
and other specialized communications modes. 


These high performance state-of-the-art amplifiers come 
in two basic models: 500 watts output using either the 
4CX250 family or 8730 tetrode tubes. 1000 watts output 
using 8874 triode tubes. The amplifier is 12" x 8" x 6" 
and weighs just 14 lbs. excluding cooling blower. 


Power supply kits for both triode and tetrode models 
available in kit form. Rated outputs are 2,000 VDC @ 500 
ma; 7.6 VAC @ 6A for filament voltages; for tetrode 
models 300 VDC regulated at 40 mA screen and - 120 
VDC bias supply voltage. Power supply is 12" x 8" x 6" 
and weighs 37 lbs. Full line of accessories, rack or cabi¬ 
net mounts, manufactured and kit options available. 
Contact factory for details. 


Each kit comes with fully illustrated, easy-to-read in¬ 
structions. Factory back-up assistance is available from 
trained technicians. 

CALL FOR PRICING 


Sr L#N4R 

electronics 


2775 Kurtz St., Suite 11 
San Diego, CA 92110 
(619)299-9740 



INEXPENSIVE 

DOWNLINK 

fixed or mobile 

Meet the "Next Generation" satellite antenna 
with its many unique design features: 

★ Low Cost* 

★ Protected electronics 
(from weather AND people) 

★ Lightweight 

★ Mesh surface to reduce wind load 



i/4 aurfims 



fig. 4. Relay inconnection diagram for the four-element 
phased array. The preferred end-fire direction is pres¬ 
ent with no dc applied. Voltage applied to terminals 2 
and COM reverses the array (still end-fire), while dc 
applied to terminals 1 and COM provides a bi-direc¬ 
tional broadside lobe pattern. 


★ Styled appearance 

★ Superb pictures 

★ Install permanently, on trailer or roof-top. 


For teleconferencing, commercial downlinking or personal 
use. Designed to perform with the best and look better than 
any. Contact us for more details. f 


TOTAL 

Ielevision 


17537 N. Umpqua Highway i -i t/^ 

Roseburg, Oregon 97470 (503) 496-3583 1JNIO 


transceiver on SSB, front-to-back was in excess of 
30 dB and sometimes as high as 40 dB. This is helpful 
when you're trying to reject southern QRM and look¬ 
ing for a weak 9V1 or 9M2 station over the North 
Pole. 


reference 

1 Dana VV. Atchley. Jr.. W1WKK, “A Switchable Four Element 80-Meter 
Phased Array/' QST, March, 1965 
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inexpensive connectors 
for hardline 


Hams combine ingenuity 
and plumbing fittings 
to solve 

costly interface problems 


A great deal of surplus hardline has recently be¬ 
come available from CATV companies at very low 
cost. The hardline has a solid aluminum outer shield 
with either a solid copper or copper-clad aluminum 
center-conductor. This high quality, low loss, VHF/ 
UHF cable is great for repeater or home stations. 
There is only one problem — connectors are expen¬ 
sive, if they can be found. Once again, ham ingenuity 
and homebrew construction are necessary. 

I needed a connector (for 1-inch cable) which 
would be simple and cheap to manufacture. Design¬ 
ing one required some thought and many hours' 
rummaging through local plumbing suppliers' stock. 
It takes only about 10 minutes to make each connec¬ 
tor. The cost per connector is about $2.00 — far less 
than they could be bought new. Construction is not 
hard, and you may use considerable latitude choos¬ 
ing materials. 


First check out your local plumbing stores to see 
what is available. The fittings I used were (1) a 3/8- 
inch threaded to 3/16-inch tubing (nipple) adapter 
(this may be called a barb); (2) a 3/4-inch threaded 
female to 1/2-inch copper tubing adapter; (3) an 
SO-239 coaxial connector. These are shown in fig. 1, 
along with a section of the 1-inch line. 

construction 

Some machining is required to make the center of 
the adapter. I have a Shopsmith Mark V that I used 
as a lathe. It is possible to do the same thing using a 



fig. 1. The 1-inch hardline, coax connector, and the plumb- 
ing fittings used to make a connector for the hardline. 


By James A. Sanford, WB4GCS, 509 Forest 
Drive, Casselberry, Florida 32707 
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fig. 2. The Barb fitting prior to machining. 


standard 1/4-inch drill mounted in a vise or stand. 
There is no high torque or stress involved, so either 
method is fine. 

The first step is to chuck up the nipple adapter 
with the nipple end in the chuck. Make sure it is cen¬ 
tered in the chuck! This step is shown in fig. 2. Start 
the lathe (drill) at a moderate speed. First, using a 
coarse and then medium file, machine away the flat 
surfaces. Then file down the threaded section. After 
a single cylinder is obtained, use a fine file to smooth 
the assembly. The final outside diameter should be 
5/16-inch (7.94 mm). Then, very carefully, use a rat- 
tail file to taper out the inside of the fitting. The rea¬ 
son for this taper is to ensure a good press fit against 
the center conductor when the completed connector 
is placed on the line. 

Now stop the lathe and reverse the fitting in the 
chuck. Fjg. 3 shows this step. You can see how the 
large end has been machined. Again, the adapter 
must be placed squarely in the chuck. Using a medi¬ 
um and then a fine file, smooth out this piece and 
round off the shoulder slightly. 

The next step requires some dexterity. A small vise 
and some clamps help. Fit the small end of the ma¬ 
chined adapter into or over (depending upon the 
exact fitting and connector you use) the center con¬ 
nection of the S0-239. Solder the two pieces to¬ 
gether, making sure the fitting fits squarely on the 
SO-239 (fig. 4). 

Now use some fine sandpaper to clean the small 
end of the large reducing-fitting and the SO-239. 
Apply a small amount of soldering flux to the SO-239 
body and the large reducer. Remember that these are 
plumbing fittings and not wires you're soldering; if 
you omit this step you'll find out why plumbers 
always use flux. Press the SO-239 into the adapter. 


This should be a close fit, requiring only hand force 
to assemble. Now, carefully solder the two pieces to¬ 
gether. I expected to need a torch, but a 56-watt sol¬ 
dering iron worked nicely. After a smooth bead is 
applied around the outside, apply a little solder to the 
inside of the adapter. This will result in a strong, 
waterproof joint. Now allow this assembly to cool. 
After it cools, remove any flux residue to prevent 
corrosion. 

The next step is preparation of the cable itself. Use 
a tubing cutter and a hacksaw to square off the end. 



fig. 3. The Barb fitting after one end has been machined. 
The ribbed end is about to be machined. 



fig. 4. The inner assembly has been completed and prepared 
for insertion into the outer adapter. 
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Use the tubing cutter to remove 1 inch (25.4 mm) of 
the outer insulation. File down the aluminum shield 
lo an outside diameter of 15/16 inch (23.81 mm). Cut 
the entire cable so that 5/8 inch (15.88 mm) of the 
cable extends beyond the outer insulation. Carefully 
square off the center conductor with a fine file. Use 
the tubing cutter to remove 1/8 inch (3.18 mm) of 
the shield. Using a sharp knife, cut away the insula¬ 
tion. Do this carefully to avoid nicking the center 
conductor. This careful order of steps prevents any 
aluminum filings from contaminating the dielectric. 
You will now have 1/2 inch (12.7 mm) of the shield 
extending beyond the outer jacket, and a center con¬ 
ductor extending 1/8 inch (3.18 mm) beyond that. 
Fig. 5 shows the completed connector and the pre¬ 
pared cable, ready for assembly. 

To place the connector on the cable, carefully start 
threading the fitting onto the cable. Make sure the 
fitting goes on square. (A pipe die of the proper size 
will make this easier, if you can obtain one.) Once the 
threads are started, you can use a pipe wrench to 
hold the cable, and an open-end wrench or channel- 
lock pliers to turn the connector. Do this carefully to 
make sure you don't kink or bend the cable. Con¬ 
tinue screwing the connector on until you feel an in¬ 
crease in resistance. This will indicate that the center 
fitting has mated. Now carefully remove the connec¬ 
tor. Check for stray aluminum filings and any other 
problems. Fig. 6 shows the completed connector 
placed on the cable. 

Since there are two dissimilar metals in close con¬ 
tact (aluminum and copper), some steps must be 
taken to prevent corrosion. Liberally coat the cable 
shield and the inside threads of the connector with 
Penetrox or some similar anti-corrosion compound. 
Now reassemble the connector to the cable. (The 
Penetrox will act like a lubricant.) Use an ohmmeter 
to verify continuity from one end of the cable to the 



fig. 5. The completed connector and the prepared end of the 
hardline, ready for assembly. 



fig. 6. The finished connector installed on the line. It is ready 
to be protected from the elements and placed in service. 


other and make sure no shorts exist between con¬ 
ductors. If this test is satisfactory, tape oyer the con¬ 
nector and the line is ready for use. 

results 

The best check of a connector and line assembly is 
to measure the rf loss through the cable. I tested a 
100-foot (30.48-meter) section at 2 meters. The loss 
measured as 0.8 dB — exactly what the reference 
tables call for. In other words, the homebrew con¬ 
nectors did not add any significant loss to the 
system. 

I have described an economical way to make con¬ 
nectors for 1-inch (25.4-mm) CATV hardline. They 
are not hard to make, and the materials and proce¬ 
dure can be varied to suit local supplies. Being able 
to use this high-quality, low-cost cable will make a 
significant improvement in any station. 

acknowledgments 

Special thanks go to Mel, W4MJJ, and George, 
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technical forum - - 

Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers 
to your questions, and to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have 
a question? Send it inf 


Each month, our editors will select 
the best answer received to a ques¬ 
tion posed in the Technical Forum. 
We will send the writer a book from 
our Bookstore as a way of saying 
thanks. 


helical antenna matching 

In the March, 1983, Technical Fo¬ 
rum, a question was raised as to a 
method of matching a 140-ohm heli¬ 
cal antenna to a lower impedance 
line. A similar problem was covered in 
the IEEE Transactions on Antennas 
and Propagation, Vol. AP-25, No. 6, 
November, 1977, Page 913. The an¬ 
tenna design note covers the method 
of lowering the impedance of the heli¬ 
cal to 50 ohms. The method described 
would appear to be usable at 70 ohms 
or any other impedance through 140 
ohms. — John Belliveau. 

Ed note: Most technical libraries probably have 

files on Transactions on Antennas and, Propa¬ 
gation. 

ham radio thanks Alfred Resnick, 
K9PXR/9, for his similar solution to 
the matching problem. In addition he 
illustrates how series section trans¬ 
formers can be used to transform 70 
ohms to 50 ohms. Articles have ap¬ 
peared on that subject in many maga¬ 
zines. Here are some of the sources: 

1. Frank Rogier. "The Series-Section Transformer." 
Beet £ g ee fir A st, 1973, page 33. 

2, Frank Regier, "Impedance Maiching with a Series 
Transmission Line Section." Proceedings of the IEEE, 
July, 1971, page 1133. 

3 B. Bramharn. "A Convenient Transformer for 
Matching Coaxial Lines," Electronic Engineering, 
January, 1961, page 42. 


mysterious spur on 160 

A local (0.67-mile-distant) 1500- 
kHz, 50-kW, a-m broadcast station 


recently installed a new transmitter 
that uses asymmetrical modulation 
(95 percent down, 125 percent up). In 
addition to increasing an already 
strong rf field, the new transmitter in¬ 
troduced a low-level, broad spurious 
signal in the 160-meter band that is 
present on three different receivers. 
On a sideband receiver the signal is a 
broad splatter in sync with the station 
program. On an a-m receiver the sig¬ 
nal is intelligible audio. 

The transmitter has been cleared 
by the FCC in response to telephone- 
equipment-interference complaints. 
I've estimated the 160-meter "spur" 
at my location to be about 100 dB 
down from the 1500-kHz signal. The 
station engineer was unable to detect 
it three miles from the transmitting 
antenna. The spur is difficult to de¬ 
tect closer to the station, but at my 
location, with a quarter-wave in- 
verted-L, an antenna tuner, and two 
1500-kHz traps in the input of the 
Omni-D receiver, it is an interfering 
signal of approximately 80 micro¬ 
volts. 

For the first few months the spur 
seemed to drift randomly in the lower 
25 kHz of the 160-meter band over 
periods of hours and days. When 
really cold weather occurred in Jan¬ 
uary, I realized that the frequency 
drift was related to outdoor tempera¬ 
ture. Since then I have been correlat¬ 
ing the frequency of the spur and the 
outdoor temperature. A plot of these 
readings shows that as the tempera¬ 
ture rises during the day the spur fre¬ 
quency decreases. The frequency in 
the early morning is related inversely 
to the low temperature reached dur¬ 
ing the night. 

Has anyone experienced a similar 
situation, or does anyone know what 
is causing this effect? — Jack Geist, 
N3BEK. 



30 watt 
amplifier 
that also 

CHARGES! 

35 mA rate recharges 
your handheld when it’s 
off, maintains charge in 
the receive mode. 

And it adds 30 watts Of 
mobile talk-out power; 
makes an incredible 
performer of your 
HT-based mobile radio 
system. 

All at the price of an 
amplifier alone! An 
incredible value. 

Only $74,95! Order 
today. Gall toll-free 
1 -800-USA-M ADE 
Charge VISA, MC or mail 
check, money order. 

Add $3.00 for shipping; 
Illinois residents also 
add $4.50 sales tax. 

VoCom 

PRODUCTS CORPORATION 

65 East Palatine Road 
Prospect Heights it 6007C 
r ' ( 312 ) 459-3680 
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Garth stonehocKer, K0RYW 


last-minute forecast 

The higher frequency bands (10-30 
meters) are favored for the best DX 
the first half of the month. The solar 
flux is expected to be highest at that 
time and lowest about the 20th. Look 
to the lower frequency bands (40-160 
meters) for the best DX the last half 
of the month. Short-duration dis¬ 
turbed conditions (geomagnetic- 
ionospheric storms) are expected 
around the 4th, 12th, and 30th, with a 
longer-duration event just prior to the 
20th. Hearing and working DX will be 
more difficult during the distur¬ 
bances, but DX from unusual loca¬ 
tions may appear in the form of weak 
fading signals. 

The lunar perigee and full moon, of 
interest to moonbounce DXers, 
occurs on the 16th and 26th of this 
month. An Aquarid meteor shower of 
interest to meteor-scatter and 
meteor-burst DXers peaks between 
May 4th and 6th with rates of 10 and 
25 per hour for the Northern and 
Southern Hemispheres, respectively. 

sporadic-E propagation 

One of the major paths for excel¬ 
lent DX signals in the summer is short 
skip, or multiple short skips, on the 
higher frequency bands. In order to 
best use sporadic-E (E s ) short-skip 
propagation, which intensifies 
toward the end of May and ends in 
mid-September, a short review is in 
order: E s is a thin layer of intense ioni¬ 
zation about 60 miles (100 km) above 
the earth. It gives rise to strong, mir¬ 
ror-like signal reflections over the 


short-skip distances of 600 to 1200 
miles (1000 to 2000 km). Signals re¬ 
main strong for from a half-hour up to 
a couple of hours, on the average; 
they're generally stronger than long- 
skip. Station location also determines 
how strongly the present sunspot 
number (SSN-75) affects sporadic-E 
propagation, with mid-latitudes the 
least affected and equatorial and 
polar paths the most. The highest 
frequency propagated by E s occurs at 
local noon, since it follows the sun 
across the sky. However, the highest 
probability of occurrence is near sun¬ 
rise and again around sunset. These 
two characteristics of E s affect short- 
skip openings differently. Openings 
on the higher-frequency bands occur 
near local noontime; the lower bands 
tend to have openings near sunrise 
and sunset. 

Let's look at the best locations for 
these E s openings: Since E s is related 
to the summer sun, the effect is in the 
Northern Hemisphere from June 
through September and in the South¬ 
ern Hemisphere during their summer, 
December through March. The best 
E s is on either side of the geomag¬ 
netic equator; it's especially good 
where the geomagnetic equator is 
furthest from the geographic equa¬ 
tor. These special areas are South¬ 
east Asia in the Northern Hemisphere 
and South America in the Southern 
Hemisphere. The first is the better of 
the two. 

To look for E s openings on the 
higher-frequency bands, monitor 
beacons on 6 and 10 meters and CB 


channel 19. Also check TV channels 2 
through 5 for 6- and 2-meter open¬ 
ings. The lower bands don't need 
beacon monitoring since E s openings 
(sunrise and sunset) are available 
most nights. 

band-by-band summary 

Six meters will provide occasional 
openings to South Africa and South 
America around local noontime by 
short-skip E s . Monitor TV, an unused 
channel (2 through 5) for clues. 

Ten and fifteen meters will have a few 
short-skip E s openings, and long skip 
during high solar flux to most areas of 
the world during daylight. Some 
trans-equatorial openings associated 
with disturbed ionospheric conditions 
may occur in the evening hours. 

Twenty and thirty meters will have 
DX from most areas of the world dur¬ 
ing daylight and into evening almost 
every day, either long skip to 2500 
miles (4000 km) or short-skip E s to 
1250 miles (2000 km) per hop. The 
length of daylight is now approaching 
maximum, providing many hours of 
good DXing. 

Thirty, forty, eighty, and one-sixty 
meters are the night DXer's bands. 
On many nights 30 and 40 meters will 
be the only usable bands because of 
thunderstorm QRN, but signal 
strengths via short-skip E s may over¬ 
come the static when E s is available. 
Although E s is scarce in May, it 
should be plentiful next month. 
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Log-Yagis simplified 


A 12-foot (boom) antenna 
achieves 11-dBgain 
on 10 meters 

Several articles on the design of log-periodic 
dipole and Log-Vagi antennas have made the Ama¬ 
teur fraternity quite conscious of their excellence for 
long-haul DXing. Their virtues are high gain, excep¬ 
tional bandwidth, and a large capture area. In order 
to understand the mathematical concepts, rather 
than just copying a design, a series of simple func¬ 
tions have been derived that permits any interested 
Amateur to design his own Log-Yagi. 

reflector considerations 

Relatively close spacing is employed in these Log- 
Yagis. Purists may be dismayed by this approach, 
since approximately 0.5 dB would be lost in a Vagi of 
similar size. In the case of Log-Yagis, however, if 
such a lost exists it is dwarfed in importance by 
achievement of front to back ratios of up to 30 to 45 
dB. Experimenters who have tried both the wide and 
close-spaced reflectors report that the close-spaced 
reflector shows no apparent loss in gain, but that the 
front-to-back is terrific. Interlacing Log-Yagis does 
show the loss of about 5 dB F/B when compared 
with monobanders. 


Since I could find no published curves or data for 
using close-spaced reflectors, I decided to provide 
my own data at three spacings under 0.15 wave¬ 
length. The spacings were chosen to provide easily 
measured intervals of inches and fractions and result 
in 0.0765, 0.0854, and 0.1 wavelength. Efficient re¬ 
flectors are made progressively longer as they are 
moved closer to the driven element or cell. Simple 
formulas can then be used to calculate reflector 
lengths based on the indicated spacing. Finally, the 
frequencies used for computation are based on the 
lower band-edge where wavelength is determined by 
11808 h- f MHz, with the result in inches. 

Reflector spacing versus required reflector length 
is as follows: 

spacing reflector length 

0.0765X 6190 - f MHz 

0.0854X 6115.2 + f MHz 

0.10X 6050 - f MHz 

director considerations 

In addition to the reflector design needed to pro¬ 
duce the best F/B ratio, the best broadband charac¬ 
teristics with constant gain were also considered. Be¬ 
cause of perturbations within the log cell, it has been 
found that with spacings less than 0.12 wavelength 
the gain is not constant over the entire band. Spac¬ 
ings between 0.125 and 0.150 wavelength exhibit a 
relatively flat response if the director is adjusted to 95 
percent of the longest cell element. The use of spac¬ 
ings of less than 0.125 require pruning or adjusting 

By Leo D. Johnson, W3EB, Route 1, Box 448, 
Hollywood, Maryland 20636 
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the director for best results in the portion of the band 
of interest. 

average Yagi gain 

Tests conducted using two Yagi parasitic elements 
with log-cell radiators show 4.3 to 4.6 dB gain over 
the cell alone. Reference in the text to average Yagi 
gain is based on a 4.5 dB average. 

Second directors provide between 1 and 1.5 dB 
additional gain when spaced 0.15 to 0.2 wavelength 
from the first director. A third director seldom adds 
more than 0.5dB gain. 

the cell function 

There are as many combinations of Log-Yagi con¬ 
figurations as imagination will allow. As this article is 
not a treatise on the construction of a single design, 
working examples are used to lead the builder 
through the simple design steps. 

In the formulas presented, / is the frequency in 
MHz at the lower band edge, r is the design constant 
between 0.85 and 0.97, and a is the spacing constant 
between 0.05 and 0.19 used to determine cell length 
and gain. Half angle (a ) is the angle formed between 
the boom and the taper formed by the element. 

It should be noted that a r near 0.95 produces 
higher gain, with virtually any a, than is possible 
using the lower figures near 0.85, and is generally 
what I use. Bandwidth of the cells, even with high 
a, are sufficient through 28 MHz to ensure coverage 
of the entire band. 

Two curves are shown in fig. 1 and fig. 2 which 


enable the designer to reasonably determine cell 
gain. One represents the r versus a from K4EWG's 
work 1 - 23 and the other is from Isbell's 4 work using t 
versus half angles. The Isbell curve has been modi¬ 
fied by extending the curves to include half angles 
near 3 degrees. 

Both curves are based on pure log-periodic cell de¬ 
sign and their accuracy is not questioned. For Log- 
Yagi work, Isbell’s curves appear to correlate closely 
if a correction factor of - 1.3 dB is applied. 

Subtraction of 2.2 dB results in dBd — or gain over 
a dipole. For this reason, the left-hand figures on the 
modified Isbell curve have been corrected by 3.5 dB 
and shown as dBd. 

Either curve shows that cell gains over a dipole, 
when added to the average Yagi gain, provide a very 
efficient antenna on a relatively short boom. 

designing the antenna 

Having waded through the basics that are perti¬ 
nent to Log-Yagi design, you can proceed with the 
development of the antenna shown in fig. 3 using 
simple formulas. 

For the cell half-lengths in inches: 

!1 = 2820 - / 

(2 = / X T 
i3 = 2 x T 

Spacing between the elements is calculated by 
first multiplying the selected a by four and again mul¬ 
tiplying that quantity by the length of (1. Stated as a 
formula: U(4o) = (1 - (2 spacing. To calculate the 
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(2 - (3 spacing multiply the (1 - 12 spacing by t. 

This completes the cell design and a total Log-Yagi 
can be designed from the data presented so far. 

For example, a 28-MHz antanna with a r of 0.95 
and using a a of 0.07 results in the following cell 
dimensions. 

(1 = 2820 + 28 = 100.71 
(2 = 100.71 x 0.93 = 93.6786 
(3 = 93.6786 x 0 93 = 90.893 

n- (2 = (4 x 0.07) x 100.71 
= 0.28 x J00.77 
= 28.1988 = (28.2) 

12- B = 28.2 x 0.95 

26.79 = (26. S,) 
ce/Z length = 55 inches 

Continuing the design for the parasitic elements 
using 0.0765-wavelength spacing for the reflector 
and 0.15-wavelength spacing for the director we 
find: 

R = 6190 - 28 
= 221.07 

R- (1 = (11808 + 28) x 0.0765 
= 421.7 x 0.0765 
= 72.26 = (32.23) 
d = (2 x /00.7J; x 0.95 
= 201.32 X 0.93 
= 191.349 = (191.33) 

13- dl = 421.7 x 0,/5 

= 67.25 

The parasitic elements require 95.5 inches plus 2 
inches each for mounting; when added to the cell 
length, this figure indicates that a boom of 154.5 
inches, or 12.875 feet, is required. If the antenna was 
to have been designed for exactly a 12-foot boom, 
then this example must be changed by reworking the 
cell length or changing the director spacing. In the 
example given, reducing the director spacing to 
0.125 wavelength results in a new spacing of 52.75 
and the antenna fits a 12-foot long boom nicely. 

The K4EWG curve indicates a cell gain of 9.2 dBi, 
or 7.0 dBd, To compute the half angle to check with 


the modified Isbell curve, we must calculate the co¬ 
tangent (cot) of the half angle from the r and a used 
in our design as follows: 

cot <x = (4 x o) -s- (1 - r) 
cot « = (4 x 0.07) + (1 - 0.93) 

= 0.28 + 0.03 
= 5.6 

Cot 5.6 (5.614) resolves to a half angle («) of 10.1 
degrees. 

The gain on the modified Isbell curve indicates 
8.8 dBi, or 6.6 dBd, for the cell alone. Cell gain of 6.6 
plus 4.5 average Yagi gain renders a figure of 11.1 
dBd total gain for the Log-Yagi, or about 0.6 dB less 
than indicated by the other curve. 

The two methods produce little difference in cell 
gain figures in the region between sigmas of 0.05 and 
0.12, but even the lowest of gain figures equates to a 
power ratio of 12.6, which makes 100 watts as effec¬ 
tive as 1.25 kW on a dipole. 

wide-spaced cells 

The previous design produced a high-gain antenna 
on a short boom. Surely some designers will be con¬ 
sidering whether versions with longer booms and 
more directors are practical, particularly for those 
who have the space to erect them. 

If all the constants remain the same except o, 
which is increased, only the spacing between cell ele¬ 
ments will change. The spacing for tt - (2 becomes 
68.5 inches and £2 - B is 65.063 inches for a cell 
length of 133.5 inches using a a of 0.17. 

Using this cell length with 0.15-wavelength direc¬ 
tor spacing and 0.0765-wavelength reflector spacing, 
the boom required would be a little over 19 feet long. 
If, however, the reflector spacing were changed to 
0.0854 wavelength, the mechanical balance would 
be improved and the configuration would fit nicely 
on a 20-foot boom. 

Using the previous formulas, the cot « is 13.6 and 
the half angle is 4.2 degrees. The modified Isbell 
curve shows a cell gain of 8.95 dBd and a total Log- 
Yagi gain of 13.45 dBd. The 100 watts now looks like 
2 kW on a dipole. 

While straining for every dB possible, adding a 
second or third director could give a final figure of 
over 15 dBd. 

tolerances 

Two items left untouched by most other articles on 
this subject are the need for careful workmanship 
and the use of relatively finite measurement if the 
best results are to be attained. Inattention to detail or 
poor workmanship can cost you gain. 

Tolerances should be held to 1/16 inch for element 




lengths and spacings up to 1/8 inch as high as 28 
MHz. For metric measurement, 1 mm is an excellent 
tolerance figure (for both length and spacing). 

By fastening the phase lines exactly 0.5 inch from 
the attachment end of the radiator, and maintaining 
equal lengths of each wire or strap in the phasing 
pairs, the builder is ensured of good electrical bal¬ 
ance and his results will be repeatable time after 
time. The dimensions developed from the design 
effort are based on center-to-center spacing of all 
elements. 

fine tuning the design 

In many combinations of the three basic factors of 
design, it appears that some fractions make the 
measurement practically impossible. Other cases are 
noted where attaining the tolerance figures for con¬ 
struction is impossible. 

Changing one or more of the factors even slightly 
can often resolve the problems. In the following ex¬ 
ample of a 14-MHz design, the original figures and 
finalized computations are explained: 


construction dictates the mounting method. When 
using polystyrene, Lucite, Plexiglass, or PVC tubing 
as insulators, strap them with stainless steel hose 
clamps. (If you use U-bolts, a cushioning material 
must be added.) With these insulators, I used 1-1/4 
x 1-1/4 aluminum angle mounted to 4 x 4 plates for 
fastening to the boom (with muffler clamps). Most of 
the materials mentioned succumb to weathering of 
some sort in two to three years. PVC shows break¬ 
down of insulation and the others get brittle and 
crack. 

The best material is polycarbonate. Though this 
material is expensive, it has a tensile strength of 6000 
psi, a breakdown characteristic of 360 volts per mil 
(0.001 inch), it retains its impact strength to - 40 de¬ 
grees F, and it has a temperature distortion point of 
over 260 degrees F. Polycarbonate with 1 /8-inch wall 
can support a full-sized 14-MHz element, with two U- 
bolts spaced 6 inches apart, when the element is 
enclosed in a tube only 7 inches long with a gap be¬ 
tween elements ends of 0.5 inch. There will be no no¬ 
ticeable sag at the element center. 


original computation 

/= 14 MHz 7 — 0.95 

a = 0.1791 
(1 = 201.42857 
(2 = 191.357 
(3 = 181.7893 
tl - £2 = 144.303 
(2- (3 = 137.088 


final computation 

/ = 14.0037214 r = 

0.950341403 
a = 0.1789265 
11= 201.375 
£ 2= 191.375 
(3= 181.875(181.8716) 

£ 1- (2=144.125 
(2- (3 = 137.0(136.968) 


First, the dimensions of (1, (2, and f 3 were diffi¬ 
cult to measure. This was resolved by dividing 2820 
by 201.375 for the new frequency. Although £2 and 
(3 could be considered within tolerance, it was desir¬ 
able to see how t would be influenced. 

The figure of 191.3786 for (2 after the frequency 
was changed was close to 191.375, so a new r was 
developed by dividing 191.375 by 201.375 for r = 
0.950341403, which helped make (3 a more easily re¬ 
solved figure. 

Although the cell spacings were resolvable, I felt 
that reducing the sigma slightly would permit the use 
of integral inches for £2 - (3, and that the small 
change would not affect gain. By cut and try, I im¬ 
proved the dimensions and arrived at the new figure. 

The results are dimensions well within the estab¬ 
lished tolerances. It is much more simple to redo the 
arithmetic than to try to measure uncommon frac¬ 
tions! 


construction 

I've tried various methods for mounting cell ele¬ 
ments. Generally, the insulating material used in cell 


guying 

Single guy wires are satisfactory for small booms 
and on larger-diameter long booms with thick walls. 
The extra support provided by umbrella-type guying 
is recommended in most other cases. When the 
installation is close to salt water, or in areas where 
oxidation levels are high, stainless steel guys and 
turnbuckles are highly recommended. The 3/32-inch 
sailboat-shroud cable is adequate for most cases. For 
very heavy arrays, such as interlaces, 1 /8-inch mate¬ 
rial is recommended. Dacron is the only rope material 
recommended for guys. This should be of the woven 
type, in diameters of 1/4 or 5/16 inch. Rope guys in¬ 
crease wind resistance considerably. 

matching 

Impedances of almost all configurations are be¬ 
tween 35 and 48 ohms. Whether strap, rods, tubes, 
or wire is used for the phasing lines, their influence is 
small so far as matching capabilities are concerned. 

K4EWG devised a matching stub for his design 
which is easily found by using 256 f. It is installed 
between (3 and a 1:1 balun. Closing up the stub 
spacing or adjusting 1/8 inch at a time provides the 
best match. 

On many occasions it is difficult to make such 
changes easily. A preferred method is to feed the an¬ 
tenna through a balun and slightly shorter stub, 
using a transformation in the feedline. This approach 
uses either an odd number of quarter wavelengths of 
50-ohm feedline (corrected for velocity factor) or a 
single 50-ohm quarter-wave section between 70-ohm 
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feedline and the balun end. In every case, it has been 
possible to reduce the VSWR to 1.3:1 or less across 
the band. 

Though the standard computation for a quarter- 
wavelength section is 246 f multiplied by the line's 
velocity factor, my figure of 240 -s- f low end, with 
correction for velocity factors, appears to provide the 
best broadband characteristic for this transfor¬ 
mation. 

about gain figures 

I will be among the first to agree that antenna 
models do not guarantee the gain figures attributed 
to the designs of these Log-Yagis. Usually as much 
as 2.5 dB variation is noted. 

Recent antenna testing by the NRL (Naval Re¬ 
search Labi and others have verified that modeled 
antennas are but guidelines for the development of 
full-scale antennas, where certain performances are 
required over particular paths. Recent testing has 
been performed with full-scale antennas to deter¬ 
mine "apparent gain" over such paths. 

The use here of the idea of apparent gain is similar 
to its use in the development of "gain type" anten¬ 
nas for mobile use. For example, a 5/8-wavelength 
antenna by itself cannot produce a 3-dB improve¬ 
ment over an antenna 1/4-wavelength long. Appar¬ 
ent gain is accomplished by concentration of energy 
in a favorable direction or takeoff angle. 

Apparent gain follows the design gain quite closely 
in Log-Yagi arrays. On long-haul paths of over 3000 
miles, a comparison with a reference dipole yields re¬ 
sults that are quite close to those derived by compu¬ 
tations using the curves. The large capture area and 
non-symmetrical vertical pattern are no doubt con¬ 
tributors to its ability on such paths. 
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the grounded monopole 

with elevated feed 


Low-takeoff-angle vertical 
for 10 through 80 meters 

A popular multiband antenna in the 1930s was the 
off-center-fed or Windom. It consisted of a half¬ 
wave horizontal dipole, at its fundamental frequency, 
fed off-center by a single wire feeder, at a distance of 
about 0.36 times its length measured from one end. 
A later version of the off-center-fed antenna (1940s) 
used 300-ohm twin lead instead of a single wire 
feeder, fed at a point one-third of its length, meas¬ 
ured from one end. This antenna operates satisfacto¬ 
rily on the fundamental frequency and on harmonics, 
permitting operation on the 80-, 40-, 20-, 15-, and IO¬ 
meter bands. 

If this off-center-fed antenna is turned up on end 
and grounded at the end closest to the feed point, 
we now have a vertically-polarized antenna with im¬ 
pedance and radiation characteristics that change 
with frequency in such a way that this antenna can 
be successfully employed for multiband (multi-fre¬ 
quency) operation. However, it has not been used, 
to my knowledge, at high frequency for radio com¬ 
munications. The antenna is in effect a grounded 
vertical monopole with elevated feed. Its main lobe, 
which is directed toward the horizon, does not break 
up into a high angle lobe for heights between 3/4 and 
1 wavelength. 

The transfer of the feedpoint from the base up¬ 
wards has been used for a different purpose, in the 
sleeve antenna, originally designed for VHF, but re¬ 


cently adapted for use at high frequency. 1 The half- 
sloper 2 is also a type of elevated feed antenna. In the 
present design, the antenna is earthed at its base, 
and sectioned at a height of one-third its total height. 
The coaxial feeder cable is brought up along or inside 
the earthed lower section. Its sheath is connected to 
the top of the lower section, and the inner conductor 
is connected through a 4:1 step-up transformer to 
the insulated upper section. This is shown in fig. 1A 

An antenna of this design was described by Hatch 
et al 3 who analyzed it by approximation, treating the 
antenna as a lossless transmission line of constant 
characteristic impedance. Since the standing wave 
component of the antenna current is much larger 
than the progressive wave component, correspond¬ 
ing to radiation, for thin monopoles, this treatment is 
a good first approximation. 

On this assumption, the authors computed the 
current distribution on the radiator for h = \/4, X/2, 
3/4\ and X, (fig. 2). Note the elevated feed has a pro¬ 
nounced effect on the current distribution on the 
radiator, an effect which improves the radiation pat¬ 
tern of the antenna for h > X/2, since for h = 3/4\ 
and X the current distribution is essentially in phase, a 
desirable feature for maximum gain. 

radiation patterns 

The radiation patterns of the monopole were also 
computed, and are reproduced in fig. 3, for h = X/2, 
3/4\ and X. Patterns for the elevated feed differ little 
from those for base feed for heights up to h = X/2, 
but there is a substantial improvement in low angle 

By John S. Belrose, VE2CV, 3 Tadoussac 
Drive, Aylmer (Lucerne), Quebec, J9J 1G1 
Canada 
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radiation for h = 3/4\ and X. In the case h = X, the 
base-fed antenna has only a high angle lobe, where¬ 
as with an elevated feed, there is no high angle lobe, 
and the radiation is dominantly low angle (less than 
10 degrees above the horizon). Such an antenna 
would be a good DX antenna since it will have gain at 
these frequencies. The patterns are significantly 
modified by the finite conductivity of the earth, and a 
radial ground system must be employed to reduce 
losses due to currents returning to the base of the 
antenna through the ground. This is no different 
from any ground plane antenna. 

antenna reactance 

The reactance to the source was computed, and 
calculated curves are reproduced in fig. 4. The rate 
of change of reactance with frequency is smaller for 
the elevated feed antenna, and the SWR (actually 
X/Z„, where Z 0 = the characteristic impedance of 
the antenna if considered to be an open-circuit trans¬ 
mission line) is particularly small at \/4 and 3\/4. The 
SWR at X/2 and X is acceptable if an antenna tuner is 
used to match the antenna to the transmitter. If the 
antenna height is such that it is approximately quar¬ 
ter-wave resonant at 80 meters (3.75 MHz), it could 
be used on 80-, 40-, 20-, 16-meters (18 MHz) and 15 
meters ( h = 3\/2). 

antenna modeling 

The antenna reactance versus frequency curve 
shown in fig. 4 represents the ideal case, since the 
antenna was analyzed as a lossless transmission line, 
whereas a practical antenna has resistance (radiation 
and loss resistance) as well as reactance. The impe- 
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dance of a modeled antenna over a perfectly con¬ 
ducting ground plane (a 30-meter diameter wire grid 
ground screen) is shown in fig. 4. The antenna was 
1.96 feet (60 cm) high, and 0.25 inches (0.63 cm) in 
diameter. The antenna was fed at a point one-third 
its height above ground. The top section was fed by 
connecting it to a wire running inside the lower sec¬ 
tion, but insulated from it. The lower section of the 
mast with the feed wire inside behaved like a coaxial 
feeder, as well as part of the monopole antenna. The 
impedance (z, 9 and D was measured between the 
lower end of the coaxial feeder wire and ground. T is 
the voltage reflection coefficient, with reference to 
50 ohms: 

rt _ sira - 1 

1 SWR + 1 

If at full scale 3.5 MHz corresponds to 100 MHz, 
the scale factor equals 28.57, and at full scale the 
monopole is 56.24 feet (17.14 meters) high, and 7.4 
inches (18.14 cm) in diameter. For this scale factor, 
the band edges for the 80, 40, 30, 20, 15, and 10 
meter bands are marked. Except at 20 and 40 meters 
the SWTi < 4:1. 

sectioning the monopole 

A tower is physically sectioned by proper place¬ 
ment of insulating sections. This is not very practical, 
especially if a grounded tower is available. Broad¬ 
casters have used grounded towers for particular 
applications that require the tower to be sectioned, 
and they have devised a method to effectively 
achieve this without physically doing so. The method 
is sketched in fig. IB. 

The tower is screened using insulated outriggers 
which support a surrounding cage of vertical wires. 
Six or eight wires are required, although four wires, 
as sketched, might be satisfactory. The wires are 
joined together by a peripheral wire at the top of the 








tower, at the bottom of the top section, at the top of 
the bottom section, and at the base of the tower. 
The sketch shows a physical separation at the place 
where the tower is sectioned. In practical applica¬ 
tions, a series strain insulator would be inserted in 
the vertical dropwire at that point. This arrangement 
effectively screens the grounded tower, sections it, 
and since the electrical diameter is increased, the in¬ 
trinsic bandwidth of the radiator will be greater. 

performance 

A temporary test antenna was constructed using a 
37-foot free-standing whip mounted on an 18-foot 
lattice tower. This antenna was erected at the au¬ 
thor's QTH (fig. 5). The SWR was measured at a 
number of frequencies in 3-30 MHz band. These re¬ 
sults are plotted in fig. 6, where the abscissa is h/\ 
rather than frequency. 

Since the antenna is not resonant and matched at 
any frequency in this band, the SWR depends upon 
the length of the feeder transmission line, and its 
characteristic impedance. The SWR for lengths 30 
feet and 100 feet of RG8-U (50-ohm coax) was meas¬ 
ured, and measurements were made with 72-ohm 
coax. Rice and Winacott, 4 following the Marconi 
work, employed a 7.5 /tH coil across the 4:1 step-up 
transformer, (fig. 1), which was supposed to im¬ 
prove the SWR at the higher frequencies. The author 
found that this coil increased the SWR at these fre¬ 
quencies, and so this inductor was not used. While 
there were differences in the SWR at particular fre¬ 
quencies for the different lengths and impedances of 


the feeder cable, an optimum length or impedance 
was not found. The results in fig. 6 were for a 100- 
foot length of RG8-U. The SWR for the various pres¬ 
ent and proposed Amateur bands are in table 1. 

The SWR was highest at 10.1 MHz, where h/\ = 
0.57, it was 5.5. This is, however, of no conse¬ 
quence, provided the antenna can be matched em¬ 
ploying an antenna tuning unit. Since the normal loss 
for SWT? = 1 for RG8-U cable at 10 MHz is 0.45 dB, 




fig. 4. Curves that show the feed impedance of the grounded monopole with elevated feed versus operating frequency for 
the scaled model. Corresponding full-scale frequencies are noted. 
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the additional loss due to SW/i = 5.5 is about 0.6 
dB*> for a total loss of about 1 dB. This is hardly worth 
worrying about. A more important consideration is 
radiation from the transmission line, which should be 
buried, and the run above ground into the shack 
should be as short as possible. 

Table 1 includes dial setting and bandswitch posi¬ 
tions to tune the antenna at the various frequencies 
foranSHT? = /. /, employing a Drake MN-4 antenna 
tuner. Also shown are the antenna impedances infer¬ 
red from these dial settings. That is, the transmitter 
input port was terminated in 50 ohms and with the 
tuner controls reset to the indicated value, the conju¬ 
gate impedance was measured at the tuner output 
port. This measurement gives the correct magnitude 
of the antenna impedance, but the opposite sign of 
the phase angle. These settings and impedances 
would not apply to other installations, since it is hard¬ 
ly likely that this temporary antenna would be copied 
identically. They are given to indicate that the anten¬ 
na can be tuned at all frequencies using an antenna 
tuner. A table such as this facilitates band change, 
the controls can be preset and require only trimming 
for minimum SWR. 

While I had no doubt that the antenna would per¬ 
form as predicted, my concern was that losses in the 
ferrite balun (which was used for the 4:1 step-up 
transformer) might be high for high SWR. 5 I do not 
have a Drake B-1000 balun which is supposed to be 
designed for such applications. For outdoor use, this 
balun must be mounted in a weatherproof box, with 
feedthrough insulators. 

The first test was to measure the SWR at different 
power levels. It was measured at 10 watts of forward 
power and 100 watts of forward power. No differ¬ 
ence was detected. 

The operational performance of an antenna is diffi¬ 
cult to measure quantitatively. The following ac¬ 
count describes some communications tests con¬ 
ducted over several days in October, 1980. 

Starting with 20 meters, I measured the relative 
gain with respect to an elevated ground plane (a Hy- 
Gain 14AVQ trap vertical with 16 radials, four for 40, 


20, 15, and 10 meters) on the roof of my garage. A 
gain of 0 to 1 S units was measured (0 to 5 dB). The 
measured gain was obviously dependent on the dis¬ 
tance of the station being received and the propagat¬ 
ing mode (angleof elevation of signal received). 

On 40 meters during early evening hours, I worked 
UK2PCR, and GW4BWK, whom I chatted with for 
half an hour or so. He was using a full-wave delta 
loop apex up, lower corner feed (vertical polariza 
tion). I was using a Yaesu FT101 (100-watt trans 
ceiver). 

On 75 meters, during the same two evenings, I 
worked Y21UJC, EA1UU, FT7DG, and G2PU. I had 
not previously worked DX from my QTH on 75 
meters, since my fixed antenna system is quite inade 
quate for working DX. If you can't hear DX, you 
can't work it. 

I QSY'd with VE8MA from 20 meters to 15 meters 
late one evening. I thought the 15 meter band might 
be dead. My received signal report came up by an S- 
unit, his remained the same. He was using a tri-band 
beam. 

On 10 meters, my brief experience is that if you 
can hear the station you can work him. 



fig. 5. Photograph of a simply-constructed monopole with 
elevated feed (employing a free standing Fiberglass whip 
for the top sectionl. 
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conclusions 

The antenna appears to perform well. It is not a 
gain antenna, and beam antennas usually, but not al¬ 
ways, outperform it. The lack of a directional pattern 
means that QRM can be high. However, the grounded 
monopole antenna with elevated feed has a pattern 
and impedance that changes with frequency in such 
a manner that the antenna can be used for DX, and it 
can be used on any frequency in the high-frequency 
band (3 to 30 MHz). 


appendix 

Radio Amateurs nowadays are accustomed to employing 
matched antennas, and some might find it difficult to match their 
transceiver to a reactive load. As an aid: 

1. Calibrate the dial settings for your transceiver using an SWR 
bridge and a 50 ohm load; 

2. when tuning a reactive antenna (high SWR) don't tune the 
transmitter PA for maximum forward power to the mismatched 
antenna, you will only mistune your transmitter. Set the plate tank 
and load capacitors to the place where the transmitter delivers 
maximum power at an 5 I17f = I I into the 50-ohm load; 

3. with low rf drive (sufficient to measure SWR or reflected power, 
tune the resistance and reactance dials of the antenna tuner to¬ 
gether for low SWR lor reflected power). Only when the antenna 
is matched, and the SWR seen by the transmitter is 1:1. should 
you tune the transmitter for maximum forward power. 
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[Two great 
ways to get 
Q5 copy 


Ask: 




G4HUW KB5DN WA4FNP WD5DMP 
KJ2E K61MV WD4BKY WD8QHD 
K4XG K8MKH WD4CCI WB9NOV 
KA4CFF KB0TM WD4CCZ WD9DYR 
KA5DXY W4YPL W5GAI 
444D SSB/FM 
Base-Station Microphone 
Shure s most widely used base- 
station microphone is a ham 
favorite because it really helps 
you get through... with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOX/NORMAL switch 
and continuous-on 
capability make 
the 444D easy 



FREE! Amateur 
Radio Micro¬ 
phone Selector 
Folder. Write 
for AL645. 


526T Series II 
SUPER PUNCH* 
Microphone 

Truly a microphone 
and a half! Variable out¬ 
put that lets you adjust the 
level to match the system. 
The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 
mobile-NBFM unit into 
an indoor base station! 
Super for SSB 
operation, too. These 
and many other 
features make the 
526T Series II a 
must-try unit. 


SHUi'E 


^ 186 
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another antenna tuner 

One type of antenna tuner that has 
not seen much use is one half of the 
Johnson Match Box circuit (see fig. 
1A). The advantage of this circuit 




j) 


to- 

O-IOO F 



CAPACITOR 

1 




fig. 1A. Antenna tuner schematic. 

over some of the more popular trans¬ 
match tuners is that it is a resonant 
circuit that rejects harmonics. It is 
very easy to adjust for either a long 
wire or coax-to-coax feed systems. It 
will not work for open-wire line be¬ 
cause it is only half of the original cir¬ 
cuit. 

The reason it has not been used is 
probably the difficulty in obtaining a 
duo-differential capacitor. This ca¬ 
pacitor has two stator sections and 
one combined rotor section. As the 
rotor increases in one section the 
other decreases. It forms a capaci¬ 
tance tap for the antenna across the 
coil in place of sliding the antenna tap 
around for a match. A duo-differen¬ 
tial capacitor can be made by solder¬ 
ing two capacitors together or by me¬ 
chanically linking two capacitors. The 
two capacitors are joined by remov¬ 



fig. IB. Millen type 19100 was used here 
because the rounded top of the support 
made it easier to form and solder. 
Other types might also work. 

ing the shaft of one, cutting across 
the middle of the hole, and enlarging 
the hole to fit on top of the other ca¬ 
pacitor (see fig. IB). After fitting, 
solder as shown in fig. 1C. 



I built my tuner in a box with a five- 
prong ceramic tube socket mounted 
on insulators by punching a hole in 
the top of the box. The coil, manu¬ 
factured by Bud, was mounted using 
the five-prong socket. The small BDC 
type handles several hundred watts 
and makes a nice small tuner. The 
tuner controls are adjusted for mini¬ 
mum SWR. 

sources 

Fair Radio Sales Co. 

P.O. Box 1105 
Lima, Ohio 45802 
(Bud coils, capacitors) 


Radiokit 
Box 411 

Greenville, New Hampshire 03048 
(Millen capacitors stock No. 191W) 
Amp Supply 
2071 Midway drive 
Twinsburg, Ohio 44087 
(Capacitors) 

In all instances send SASE for reply. 

Ed Marriner, W6XM 


latching relay control 

The great virtue of a latching relay 
is that it draws current only while it is 
changing states. The latching relay's 
built-in magnet holds the contacts in 
their last position until they are 
changed by a current flow through 
the relay winding. This makes the 
latching relay ideal for use with bat¬ 
tery-powered or remote equipment. 

When the circuit in fig. 2 is com¬ 
pleted through the switch, electrons 
flow through R1 to the negative ter¬ 
minal of Cl, which was in a dis¬ 
charged state (both plates of the 
same polarity); the capacitor looks 
momentarily like a conductor. Thus 
the voltage appearing at the junction 
of C1/R1 rises to near the supply 
value, and this surge of electrons 
flows to Ql's base, causing Q1 to 
conduct and energize the relay, 
changing its state. 

As Cl becomes fully charged, the 
electron flow ceases. Therefore Q1 
no longer conducts. 

The schematic diagram of fig. 3 
uses a similar principle to control a 
latching relay. CRTs forward resis¬ 
tance guarantees that Q1 will not be 



fig. 2. Block diagram of a latching-relay 
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PROGRAMMABLE 

PTpcc --sssv 


the 

ham 


tebook 


• All 37 EIA Tones 
• Quartz Accurate 
• Less than 1 inch square 

AVAILABLE FOR IMMEDIATE DELIVERY 
For more information call TOLL-FREE 
(800) 828-6884 
NY: (800) 462-7242 
CANADA: (416) 884-3180 

^ FERRITROMCS NIAGARA FALLS NY 1430 


new 


TRAP ANTENNA 


Model AT-80 for 80,40,15.10 meters 



SHIPPING AND 
HANDLING ADD $3 


i an SO-239 connector 
snna completely 
imbled Including 25 feel 


BARKER & WILLIAMSON 

Quality Communication Products Since 1932 
At your Distributors. Write or call 


turned on by a voltage of less than 0.6 volt. The con¬ 
tacts automatically complete the circuit to Q2 so that 
the next closing of the switch will cause the relay to 
again change state in the manner described. 

Latching relays in the 12-volt range are hard to 
find, but surplus relays rated from 24 volts to 28 volts 
are common. They will work down to about 11 volts. 
Surplus relays are usually of the "crystal can" size. 
The RCA/Gould relay listed has a 12-volt coil and 
four poles, and it is larger than the others. It is a spe¬ 
cialty item that might be obtainable only through 
RCA suppliers. 

An ideal use for this control is an on-off power 
switch for a battery-operated repeater. A low-current 
receiver with a decoder 1C connected to the control 
line of this circuit will allow the repeater to be turned 
on or off on command. 

Charles G. Bird, K6HTM 
Chico, California 
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tri-band vertical 


most efficient technique for multibanding a 
Yagi antenna. Factory assembled and pre tun¬ 
ed traps are mechanically superior, and provide 



products 


Vibroplex electronic keyer 

When you think of speed keys, one of the 
first «that cornes to mind is the Vibroplex 
'Bug." Years before the advent of electronic 
keyers, they were the only alternative to the 
"cootie key" for sending semi-automatic code. 
In those days, you could actually tell who was 
sending well before signing of calls by the 
sender's fist. Dahs were drawn out longer than 
they should. Dits came in a rapid-fire 
"bruuup." Now. however, with keyboards and 
other forms of electronic keys, everyone 
sounds somewhat the same. 

Vibroplex has introduced a new lambic key 
and keyer that will be of great interest. Their 
new Brass Racer, based on the FYO design, is 
attractively built and is rock solid. The Vibro¬ 
plex treatment of this design does not use 
springs to adjust paddle tension. A clever use 
of magnets controls the paddle tension. 

Another twist is that Vibroplex took the 
Brass Racer base, hollowed out the center and 
inserted an electronic keyer that uses the Curtis 
B044 chip. This makes for a very nice, com¬ 
pact, self contained keyer (a big plus for field 
day and other portable operations). 


where exhibiting a sufficient groundplane. 

The antenna is made of high quality alumi¬ 
num with stainless steel hardware, supplied 
with a heavy duty bracket for pipe or bulkhead 
mounting. 

For additional information, contact Hustler, 
Incorporated, 3275 North B Avenue. Kissim¬ 
mee, Florida 32741. Reader Service Number 


photovoltaic panel kit 

Encon announces solar panel kits for the 
Amateur that enable you to build your own 
solar electric panel for less than $6.00/watl. 


ement length 
of 31.5 feet (9.6 meters), the tuning radius is 
only 18.4 feet 15.6 meters). The assembled an¬ 
tenna weighs 59 pounds (26.8 kg). 



Molded high-strength plastic base has forty 4- 


The antenna includes stainless steel hard¬ 
ware, the BN86 balun and a sophisticated 
matching dual driven element feed system as 
also used in the larger TH7DX. The antenna 
provides dc grounding for lightning protection. 
The suggested price is $459.95. For more infor¬ 
mation, contact Hy-Gain, 9600 Aldrich Ave¬ 
nue. South, Minneapolis, Minnesota 55420. 


BNC adapters 

Centurion International. Inc., has introduced 
a new line of BNC adapters designed for anten¬ 
na connection to two-way portable radios that 
require threaded connectors. 


not have a memory like so many of 
ilectronic keys. But not everyone 

ice, simple package. 

information, contact Vibroplex 
\ttention Bruce Palmer, P.O. Box 
nd, Maine 04112; Reader Service 


THbMkZ tribander 

The TH5Mk2 is a five-eleme 
bander for 20, 15. and 10 meti 
will load tube-type or solid 
rigs from band edge to band e 
meters. On 10 meters there is 
to 29.4 or 28.3 to 29.7 MH 
VSWR. The Hy-Q traps for e 
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receive-only RTTY/CW 
terminal 

HAL Communications Corp. announces the 
new CWF)6750 receive-only RTTY/CW termi¬ 
nal. The CWR6750 is the ideal companion to a 
shortwave receiver for printing Amateur and 
commercial Morse code and RTTY transmis- 


monitor screen and its 12-volt operation make 
the CWR6750 truly portable. The CWR6750 
will receive all standard radioteleprinter speeds 
from 60 words per minute (45 baud) to 300 
wpm (300 baud). Both the standard press 
"Baudot" RTTY code and the computer ASCII 
RTTV code can be received, 

Stations using Morse code can be received 
at speeds from 4 to 50 wpm. A computer-style 
ASCII printer may be connected to the 
CWR6750 to provide a full printed copy of all 

The CWR6750 measures only 10 Vi x 6K x 


MULTIBEAMS have a quad configuration of directors on a single boom, together 
with a slot dipole and slot reflector. This unique design delivers exceptionally 
high gain across the entire 430-450 MHz band with very low vswr. 




MBM1I 

CPECIVICATKMfS frequency (MHz) 430-450 

mwiwinmi GAiN(dbd) 11.5 

FRONT TO BACK RATIO 18dB 
3 dB BEAMWIDTH E45" 

H40* 

BOOM LENGTH 4.1 1 

LONGEST ELEMENT 16.5" 

TURNING RADIUS 4.1 1 

(APPROX) 

DESIGN IMPEDANCE 50 Ohms 

POWER RATING (PEAK) 1 kw P.E.P. 
WINDLOADING AT 14.1 Ibs/f 
80MPH 

WEIGHT 4 lbs. 


Boomer antenna 


JASCO 

I INTERNATIONAL. INCL 


Contact one of the Authorized 
dealers listed below. 

C I S.M.O. COMM. INC. COMM. CINTIR All'S IUCTRONICS 

1-800-845-6183 1-800-928-4097 (305)997-5324 

Rock Hill, SC Lincoln, NE Boca Raton, FL 


(CRYSTALS z aster 


nil 


ANY TWO METER FREQUENCY OR RADIO 
NOT LISTED CAN BE SPECIAL ORDERED 
FOR S5.00 

WE ALSO SUPPLY MICRO-PROCESSOR CRYSTALS , 

A to T CRYSTAL co. 

L* P.O. Box 454H 

PEMBROKE, MA. 02359 5ST 'ZZ 


ING AND DELIVER-. *38? ?;j|? 

CRYSTALSARE $3.65 ea. 

IF RADIO AND FREQUENCY 
IS LISTED IN AD 

PHONE OflDERS ACCEPTED 

(GT7) S94-1553 

















Amateur Radio Today 

JlV Mini-Magazine offering timely 
material on a professional basis for all; 
active Radio Amateurs. A.R.T. is six 
full-size pages, produced bi-weekly on 
high quality stock using magazine pro¬ 
duction techniques. Money back guar¬ 
antee for your $ 26 /yr. subscription or a 
quarterly trial (six issues) for $ 5 . Check 
what we've covered recently: 
v 10.1 MHz opens for Amateurs ^ How low 
should your transmitted wave angle be? e- 
CQVVW phone and cw contests Sweepstakes 
^ Cordless telephones FCC ideas on 1500 
watts output v" Manufacturer responses to 10.1 
MHz equip, mods. Six-meter openings 
How to calculate your system noise figure ^ 
WoHdwide network of 20-meter beacons 900 
MHz ssb w 160-meter DXing Big antennas at 
K2GL w Antenna heading calculations 
! Review of Yaesu FT-102,1COM-740, and others 
I ^ How Packet Radio works Meteor scatter 

The Satellite Program iw Interview with 
Madison Electronics and much, much more! 

Amateur Radio Today 106 

Post Office Box 6243H, Wolcott, CT 06716 


NEW NEW NEW 

COMPUTER SAVER 

Do you have 8 or more interface cards you 
use occasionally but hale 10 keep tearing in¬ 
to your computer to get al them and risk 
damaging them’ 

Then Swltch-A-Slot is lor you! 

Swttch-fl-Slot lets you select up to 4 cards 
lor each port. Select the card to run with 
the turn ol a switch M0 new programming 

Switch-A-Slot 


SAVES wear and (ear on cards and computer 
SAVES power (only ihe card that s on draws 



Models available tor 
Apple II Apple lie Franklin 


INTRODUCTORY PRICE $155 

Please send orders with payment lo: 

BIT “O” BYTE 

PO Box 60972, Sunnyvale. CA 94088^ m 


NEW 

.cri\ program manual 

ft*®' FOR AMATEURS 




won the 70 cm antenna gain measuring contest 
at ihe 1982 Central States VHF Conference. 
The antenna's features include insulated ele¬ 
ments. stainless steel hardware. N-type con¬ 
nector. T- match feed and trigon reflector. 

For more Boomer information, contact 
Cushcraft Corporation, P.O. Box 4680, Man¬ 
chester, New Hampshire 03108; Reader Serv¬ 
ice Number 306. 


wideband antenna 
preamplifier 

The PRE-1 Signal Amp masthead preampli¬ 
fier is designed to provide high gain, low-noise 
amplification for received VHF and UHF sig¬ 
nals. The PRE-1 has a midband gain of at least 
15 dB with a noise figure of only 1.8 dB. The 
Signal Amp consists of a lightweight antenna- 
mounted preamplifier module and an indoor 
control unit. Switch-selectable high and low 
gain allows the user to customize his signal en¬ 
hancing needs. 



Guaranteed to outperform competitive in 
door preamplifiers, the PRE-1 Signal Amp 
comes with all necessary hardware, connec¬ 
tors, and instruction, PRE-1 costs only $69.00 
plus $2.00 UPS shipping, from Grove Enter¬ 
prises. 140 Oog Branch Road, Brasstown. 
North Carolina 28902; Reader Service Num¬ 
ber 307. 


heavy-duty SRL-307 UHF 
Yagi antenna 

Sinclair Radio Laboratories' rugged seven- 
element 10 dBd gain antenna will shrug off 113 
mph (181 km/h) winds while carrying a 1/2- 
inch radial ice load, or 187 mph (301 km/h) 
winds without ice. This unit is useful for point- 
to-point links or for repeater applications in 



highway mobile radio systems. Reflector and 
director elements are 3/8-inch diameter alumi¬ 
num rods welded to the boom, reducing the 
risk of damage and misalignment. The antenna 
clamp allows easy orientation for either vertical 
or horizontal polarization. A higher gain can be 
achieved by using dual (SRL-307-2) or quad 
(SRL-307-41 arrays with gains of 12.5 dBd and 
15dBd respectively. 

For further information, contact Mr. Dan 
Roszelle, Sales Manager. Sinclair Radio Labo¬ 
ratories Inc., 14614 Grover Street, Suite 210, 
Omaha, Nebraska 68144; Reader Service Num¬ 
ber 308. 


circular satellite technology 

The new KLM 143-150- 14C circularly polar- 

tion of OSCAR satellite signals but can also 
dramatically improve 2 meter terrestrial com¬ 
munications. Linearly polarized signals (any 
mode, (ixed or mobile) are frequently affected 

as a result, circular wavefronts develop. Re¬ 
ception with the 14C reduces flutter, fading, 
and multipath distortion, and often improves 
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___ Laurel Plaza 

■Hf Route 198 

CQMM Laurel, Md. 

. C€NTER 20810 


'V 


INC. 


MD.: 301-792-0600 


THROUGH SAT. 


CALL TOLL FREE 
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TUBES, SEMICONDUCTORS, 
DIODES AT SUPER LOW PRICES | 
IN DEPTH INVENTORY 
El MAC, SYLVANIA, GE, CETRON I 



All Major Manufacturers Factory Boxed, 
Hard To Get Receiving Tubes At Dis¬ 
count Prices. 

Minimum Order $25.00. Allow $3.00 For 
UPS Charges. Out of Town, Please Call 
Toll Free: 800-221-5802 and Ask For 
"ABE". __ 


TRANSLETERONIC 

INC. 

1365 39th STREET, BROOKLYN, N. Y. 11218H 

Tel. 212-633-2800/Wats Line 800-221-51 
TWX710-585-2460 ALPHA NYK 




Named "Next Generation," this model is 
constructed with aircraft-style riveted alumi¬ 
num framework and a single steel support for 
strength and light weight. It comes with a fully 
illustrated, step-by-step installation manual. 
Compatible with all popular brands of support¬ 
ing electronics, the antenna is also available in 
colors to match the predominant local back- 

For more information, contact Total Televi¬ 
sion, 17537 N. Umpqua Highway, Roseburg, 
Oregon 97470. Reader Service Number 315. 


Eurocard racks 

Designed specially for the growing inten 
Eurocard-based systems, a new high-cap 
rack allows placement of both single- and 
ble-size VME-bus compatible boards in 
same enclosure. The Model CCKE2, from 


The VME bus was developed by Motorola, 
cstek, Signetics. and its parent, N.V. Philips, 
provide a combined sixteen-bit and thirty- 
o-bit standard. It employs the Eurocard for- 
it of 6.30 inches by 3.94 inches (160 mm by 
0 mm) for the single card and 6.30 inches by 



signals on either of the two VME-bus conne 

The 19-inch (482.6-mm) EIA Std. cage hole 
up to twenty-seven double-size Eurocards i 
up to fifty-four single-size cards on 0.6-inc 
(15.24-mm) centers. Alternatively, the CCK1 
may be configured as a combination of Euri 
card sizes; twenty-six single and thirteen doi 
ble, for example. 

Card-guide and connector-mounting holt 
are spaced on 0.20-inch 15.08-mml centers, s 
cards with varying component and lead heigh 
may be installed in any position. Snap-in cai 
guides are made of Underwriter-Laboratorie 
rated flame retardant grey nylon. Connecto 


426.7 mm by 140 mm) is i 
supplies with 1-inch (25.4- 
backplane wiring. 


Electronic Company, 12460 Gladstone Avenui 
Sylmar, California 91342. Reader Service Nun 
ber 316. 


RTTY/CW computer 
interface 
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For RTTY transmission, your computer 
drives the AFSK generator to provide FSK 
transmission using the microphone or phone 
patch input of your SSB transmitter, or it can 
directly key the FSK input of your transmitter. 
For CW transmission, your computer drives 
the high-voltage keying currents of the 
MFJ-1220, which then provides grid block or 
direct keying for your transmitter. 

The RTTY/CW interface transmits and re¬ 
ceives all standard RTTY shifts of 170, 425, and 
850 Hz to cover all Amateur, commercial, and 
military traffic to over 100 WPM. It uses the 
standard space tone of 2125 Hz and marks 
tones of 2295, 2250, and 2975 Hz. 

The MFJ-1220 RTTY/CW Computer Inter¬ 
face is available from MFJ Enterprises, Inc., for 
$179.95 plus $4.00 for shipping and handling. 
For more information, contact MFJ Enter¬ 
prises, Inc., P.O. Box 494, Mississippi State, 
Mississippi 39762. Reader Service Number 317. 


receiving converter kits 


dB-Gain 

Because we build'em better 
to last longer! 


"Craftsmanship" is not just 
another buzz word at 
dB-Galn. It's the REASON 
we're in business. 

At dB-Gain, we pride our- \ 
selves on producing the finest l 

quality commercial grade \ 

antennas for use by Amateurs, 
Business and Government. 

Lets face it! Most Ham 
operators have thousands of 
dollars Invested In their equip¬ 
ment. The true test-signal 
performance-can only be as 
good as the antenna. That's 
why dB-Gain doesn't cut corners 
at the expense of quality. 

In fact, commercial grade Is the 
ONLY grade at dB-Gain. Serious 
Amateurs demand it. 

For example, check out the 
mobile antenna displayed in this 
ad. (Available in 450 MHz, 220 
MHz and 2.6, lO. 15,20 and 
40 meters). From the rugged 
stainless steel whip to the 
heavy gauge fiberglass 
coil housing-youll find 


nothing but quality components 
throughout, This attention to detail 
benefits you by providing better per¬ 
formance and a more durable 
antenna. 

In addition, dB-Gain antennas are 
backed by a warranty that builds 
confidence. You can take our word 
, for it because our name's on it. 

\ That's why dB-Gain antennas are 
•• built better to last longer. For 
\ information call (305) 566-2200 oi 
\ write today Dealer inquiries 
\ welcomel 

\ dB-Gain 

\ 'built better to last longer.' 

\ Marketing Department 

V 3500 NW 114th Street 

\. Miami. FL 33167 USA 

V Telephone: (305) 5662200 

V Telex. 51-2478 (WUI.) 
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When it comes to 

QSLs... 


it’s the ^ 

ONLY BOOK! 

US or Foreign Listings 

callLoolcs 



■ 

T 

IN 

EWI 

products 


Encomm, Inc 
tuners from Tol 
watt HC-2000 a 
HC-2000 is a 200 
1.9 MHzl hf an 



AMATEUR 
MICROWAVE 
TV ANTENNA’S 

1.9 to 2.5 GHz Frequency Range 
50 db System Gain 


Complete System (Rod Style as 
pictured, 25 db Gain) 

PS-3.$69.95 

Complete System (Dish Style as 
pictured, 50 db Gain) 

PS-5.$109.95 

All systems . _ 

come complete >1 ’l 

with Accessory All T 

package ot MJ. j 


HC-200 is band 
21, 24.5, and i 
bands. Scales 
20W, and 200V 


S.E.I. Inc. 

912 West Touhy Avenue 
Park Ridge, Illinois, 60068 
Out oI State Call 1-800-323-1327 
In State Catt 312-564-0104 
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Ham soHware available. Information: AnTech, POB8964, 
Fort Collins, CO 80525. 

MOBILE IGNITION SHIELDING. Estes Engineering, 930 
Marine Or.. Pori Angeles, WA 98362. 

CABLE CONVERTERS, decoders. Free catalog. APS, 
POB 263 HR, Newport, Rl 02840. 


WORK THE FULL-BAND® 

free of narrow band antenna limitations 
WITHOUT ANTENNA TUNERS 


RTTY EXCLUSIVELY lor Ihe Amateur Teleprinter. One 
year $7.00. Beginners RTTY Handbook $8.00 includes 
journal Index. PO Box RY, Cardifl.CA 92007. 

TELEGRAPH AND WIRELESS keys wanted. Advise ol 
K6 6 A RE J263 Lakehursl" Livermor^CA94550 Randa "‘ 

MANUALS for most ham gear made 1937/1970. Send 
$1.00 lor 18 page "Manual List", postpaid. Hl-M ANUALS, 
Box R802, Council Bluffs, Iowa 51502. 

SATELLITE TELEVISION: Free wholesale price list. 
Know Ihe lacts with "Handbook and Buyers Guide" only 
$9.95, Communications Consultants, PO Box 5099, Fort 
Smith, Arkansas 72913. 

WANTED: Schematlcs-Rider, Sams or otner early publi¬ 
cations. Scaramella, P.O. Box 1. Woonsocket. Rl 
02895-0001. 

RETIRING*!© Florida. Must sell 30-year accumulation ol 

Sacrlllce prices.’Send SASE lor list. Dino Maslrojohn, 10 
Madeleine PI., Parslppany, NJ 07054. W2UII, 

WANTED: Early Hallicrafter "Skyrlders” and "Super Sky- 
riders" with siiver panels, also "Skyrider Commercial", 
early transmitters such as HT-1, HT-2. HT-8. and other 

Dachls. WD5EOG, The Hallicrafter Collector, 4500 Rus¬ 
sell Drive, Austin. Texas 78745. 

RUBBER STAMPS: 3 lines $3.25 PPD. Send check or MO 
to G.L. Pierce, 5521 Birkdale Way, San Diego. CA 92117 
SASE brings Inlormation. 


WANTED: New or used MS and coaxial connectors, syn¬ 
chros, lubes, components, military surplus equipment. 


Bill Wiliams. PO W7057. Norfolk. VA 23509. 


VERY in-ler-est-lngi Next 5 issues $2 Ham Trader 
"Yellow Sheets". POB356, Wheaton. IL 60189. 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours - AM/FM/SSB/CW. Certified Communications. 
4138 So. Ferris. Fremont. Michigan 49412: (616) 
924-4561. 


HAMS FOR CHRIST - Reach olher Hams with a Gospel 
Tract sure to please Clyde Stanlield. WA6HEG. 1570 N 
Albright, Upland. CA 91786, 

PLANS, CIRCUIT BOARDS, AND KIT PARTS (author 

amps, preamps, pre amps and loudspeakers. Send SASE 
lor information. Custom Components, Box 33193, Deca¬ 
tur. GA 30033. 


Coming Events 

ACTIVITIES 

“Places to go...” 

ARKANSAS: The Norlhwesl Arkansas Amateur Radio 
Club's 3rd annual Hamlest/Swapmeet, Saturday, May 21. 
Rogers Youth Center, 315 West Olive Street, Rogers. 8 
AM lo 4 PM. Free admission. Commercial exhibitors and 
Ilea market tables/space $2.00. Setup 6 AM. Free park 
ing. Refreshments nearby. Snack bar on premises. Talk 
in on 146.16/.76 or 146.52 simplex For more information; 
Mary Webb. KA5HEV, PO Box 338, Prairie Grove, AR 




6.7 .FB-40. 7.6 

13.2 .FB-20. 15.1 

19.8 .FB-15. 22.6 

26.9 .FB-10/11. 30.7 

48.5 .FB-6 . 55.5 

FULL-BAND© MONOBAND DIPOLES 
EXTREME BANDWIDTH WITHOUT COMPROMISE 



All Full-Band Antennas look alike, except for length. Pictured is the model FB-40 
which, when extended, measures 66’3” from tip to tip (including end insulators). 


Patent Applied for Design Self- 
Compensales for Frequency 
Change. 

No Resistors, Capacitors or 
Power Robbing Networks. 

Linear Response Assures 
Maximum Efficiency from 
Microvolts to Full Legal 
Power—and Minimum Inter¬ 
ference with Other Services. 

Ideal Antennas for Use with 
Automatic Power Shutdown Rigs. 


• Tested and Approved By: 

Ham Radio Magazine 
CO Magazine 
QST Magazine (ARRL) 

• Install as Flat-Top, Inverted “V", 
Sloper, Phased Array, etc. 

» Shipped Complete, Ready to 
Connect to Your 50Q or 72 0 
Coaxial Feedline. 

» UPS or Postal Shipping Paid in 
Continental United States 
Use MC. Visa, Check or Money order. 


FACTORY DIRECT PRICES 


Model No. Length 

FB-160 248'9" 

FB-75/80 126'7" 

FB-40 66'3" 

FB-20 32' 

FB-15 24’6" 

FB-10/11 16'6" 

FB-6 9' 


Shipping Wt. Price 

11 lbs. $179.95 

6 lbs. 134.95 

5 lbs. 109.95 

4 lbs. 71.95 

3 lbs. 66.95 

3 lbs. 61.95 

3 lbs. 57.95 


Prices include shipping in continental U.S.—Canada, HI and AK add $5.00 
shipping and handling. CA residents add sales lax. Write or phone tor 
specifications and prices for antennas for other frequency bands. 



<|a£> 


SNYDER ANTENNA CORPORATION 

250 East 17th Street . Costa Mesa, CA 92627 


Telephone orders—24 hours a day, seven days a week: (714) 760-8882 
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HUSTLER 

DELIVERS 
RELIABLE 
ALL BAND HF / 
PERFORMANCE 


Hustler's new 6-BTV six- 
band trap vertical fixed 
station antenna offers 
all band operation 
with unmatched con¬ 
venience. The 6-BTV 
offers lO. 15. 20. 30. 

40, and 75/80 meter 
coverage with ex¬ 
cellent bandwidth 
and low VSWR. Its 
durable heavy 
gauge aluminum 
construction with 
fiberglass trap 
forms and stain¬ 
less steel hard¬ 
ware ensures 
long reliability. 

Thirty 
meter kits 
(30-MTK) 
for 4-BTV 
and 5-BTV 
are also 
available. 































CB TO TEN METER 
CONVERSION KITS 

KITS for AM—SSB—FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy In¬ 
stallation with minimum time and equip¬ 
ment 

BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 

PRICES Low cost prices range from 
$8.00 to $50.00 

All kits are in stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 


FCC LOWERS 
REQUIREMENTS — 
GET YOUR RADIO 
TELEPHONE LICENSE 


vw - 


Radio Telephone License much easier now. 
Eliminate unnecessary study with our short¬ 
cuts and easy to follow study material. Obtain¬ 
ing the General Radio Telephone License can 
be a snapl Sample exams, also section cover¬ 
ing Radar Endorsement. 

A small investment lor a high-paying career in 
electronics. 

$19.95 ppd. 

Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 

P.0. Box 1538 

Hendersonville, N. C. 28793 


quet (Instead of Saturday). Flea markel open 6 AM Salur- 
day. commercial exhibits 8:30 AM. Closing time 6:00 PM. 
Talk in on 146 28/88 and 144.51/145.11. Advance tickets 
from K2MP. 737 Lalta Road. Rochester. NY 14612. For 
more information: Rochester Hamfest. 300 White Spruce 
Blvd., Rochester. NY 14623. 

NEW YORK: The Pulnam Emergency Amateur Repealer 
League (PEARL) will have its 2nd annual indoor Hamlest, 
Saturday. May 7. 9 AM to 4 PM. JFK Elementary School. 
Fogginlown Road. Brewster General admission $1.00. 
Exhibitors $4.00. Talk In on 144.535/145.135 and 52. For 

Konecnik, WB2PTP. RD I • 244 C. Carmel. NY 10512. 


New DTMF Receiver Kit turns 
phones into control devices. 

With Teltone’s TRK-956 kit, you get all the 
parts necessary to breadboard a central 
office quality DTMF detection system for 
only $22.75. That's the lowest installed 
cost for a DTMF system. All you provide 
is 5V dc. For decoding DTMF signals from 
telephone lines, radios, and tape players, 
use the TRK-956. To order call: 

(800) 227-3800 ext 1130. 

(In CA, (800) 792-0990 ext 1130.] 
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GET TRANSI-TRAP™ 
LIGHTNING PROTECTION 

Protect your valuable equipment from antenna 
voltage surges caused by nearby lightning, high 
wind and static build-up. Keeps harmful ARC 
energy off equipment by safely shunting it to 
ground. Uses tested, field proven, and replaceable 

Model LT 200 watts $t> 5011 $19.95 

(212) 523-2319 or KA2CPA (212) 528 

NEW YORK: The Rome Radio Cli 
Family Day. Sunday. Juno 5. Be 
Games, conlests. technical presc 

available throughout the day. The 
Year" award will be presentod al 1 
in on 146.28/88 and 146.52 simplex. 

NORTH CAROLINA: Durhamlefit s 
ham FM Association. Saturday, b 

Ruggedized Super Low Loss ( UIB & 500 MHz) 

Shopping Center. Durham. Flea rr 

Model HV 2kw <§) 50H $32.95 

See your local dealer or order direct. Pse. include $2 

8651. Durham. NC 27707. 

OHIO: The Fremont Fladio Club in 
Ottawa County Radio Club is spe 

COMMUNICATIONS 

P.O. Box 571, Centerville, Ohio 45459 

8 AM. Dealer setup 7 AM. Advance 
door. Flea markel tables $3.00 per ( 
and table reservations SASE lo J 
545 N. Jackson Street, Fremoi 























April Showers 
Bring 

May Towers! 


NEW HUSTLER 6BTV .. . $139.00 
5BTV (80-10).115.00 

HYGAIN 

TH7DXS 7el triband .379.00 

TH5DXS 5el triband .229.00 

V2S Super 2M vertical_39.00 

CUSHCRAFT 

A3 3el-3 band beam.179.00 

A4 4el-3 band .229.00 

ARX2B Ringo.39.00 

AEA 

Isopole 144.39.00 

Isopole 440.59.00 

TRIEX W51 Self-support 
tower crankup .. FOB CA 799.00 

ALLIANCE HD73.99.00 

BUTTERNUT HF6V.125.00 

2MCV5.39.00 

BELDEN 

RG8X 9258 .19®/It. 

RG8U Foam 8214 . 39® 

RG8 Coax 8237 . 36® 

RG213u 8267 milspec .. ,46®/ft. 

8448 Rotor Cable . 27® 

9405 Heavy duty rotor.45® 

8235 300 ohm 

KW twinlead. 10® 

8000 14GA 

stranded antenna .10®/ft. 

CDE HAM-4.199.00 

HAM X.249.00 

Consumers wire 

RG214/U nonmil.70®/ft. 
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window on the world — the "foreign" press 

It's always interesting to examine the approaches taken by others in solving problems common to all of us. 

At ham radio, we have the opportunity to provide readers with a window on the world of Amateur Radio. Dozens of 
foreign language publications pass over our desk each month*; and as we promised last year, we'll do all we can to 
provide technical notes, articles, and other items of interest carefully selected from these numerous and informative 
sources. 

In our lead article VK3AFQ provides us with a view of technical requirements facing Australian hams in 1983. Not 
surprisingly, we, here in the States, have the same situation — how to specify and measure rf power. 

Up till now we have met the FCC stipulated power requirements by measuring the dc power input to the final ampli¬ 
fier stage (including drive) while keeping it under 1 kW. Recent discussions have focused on increasing that power 
level to 1500 watts of PEP output. It's a simple enough matter to measure dc power input — plate voltage x plate cur¬ 
rent. But how do you measure PEP output ? We return to the land down under and see how VK3AFQ solved the prob¬ 
lem simply and effectively in his article, "Measurement of PEP Output Power." 

While still "down under," three magazines that have provided Australian and New Zealand hams with the latest in 
technical information are Amateur Radio, (VK); Amateur Radio Action, (VK); and Break-in, (ZL). Ron Cook, 
VK3AFW, in his "Novice Notes" ( Amateur Radio, February, 1983) addresses a situation many of us now face — the 
need to provide a low VSWR load (antenna) to our solid-state rigs. His article discusses antenna tuners including the 
L, T, and Pi networks, the ultimate transmatch, and a special wide-range tuner while providing theory and application 
information. 

A very popular antenna these days, especially with the lower band (40, 80, 160) enthusiasts is the delta loop. Prob¬ 
ably one of the best descriptions of its operation recently appeared in Amateur Radio Action. In the March, 1983 
issue, VK2EAO details "Loaded Corner-Fed Delta Loops." After a brief historical description of its development the 
author provides construction details extending this antenna's use to any of the hf ham bands. 

Satellite users will find some notes of interest in New Zealand's Amateur journal Break-in. The regularly featured 
column "Satellite News" by ZL1TGC provides the latest data on the Phase lll-B, UO-9, RS-8, and RK-03 (lskra-3) 
"birds" perhaps from a different slant. For example, if you'd like to know what the UoSAT satellite is experiencing in 
space, examine the detailed telemetry information from its sensors provided on channels 00 through 59 as delineated 
in this February's column. 

Rotating our sights to the northwest we briefly pause to examine Japan's monthly journal, CQ ham radio. This 500 
plus page magazine features columns for SSTV, RTTY, VHF, UHF, and Microwave enthusiasts, to name just a few. 
For example, in the March, 1983 issue, construction details, polar and VSWR plots are provided for a 36-element 2400 
MHz single boom Yagi. Being a lower band "aficionado," I can't help but notice the 14 page DX "column" and won¬ 
der how I could possibly have recently missed so many 80-meter stations such as A92NH, DU1PJS, HL0CCA, 5V7AL 
and9N1RFT — all heard from Japan. It's necessary to mention that except for a single page column called "The Eng¬ 
lish Service of CQ ham radio," all the rest of the magazine is in Japanese. 

Continuing in a clockwise rotation, we arrive at the British Isles and notice English language publications such as 
Radio Communications, The Short Wave Magazine, Practical. Wireless, and Radio and Electronics World. Though the 
last one is not specifically dedicated to Amateur Radio, it includes several articles of direct interest to hams. An excel¬ 
lent article by A. J. Rogers in the April, 1983, issue on "Crystal Filter Design" provides useful data for the experimenter 
to enable him to develop his own. One example illustrated in the article is a 6-crystal filter featuring a half-power band¬ 
width of ±4.5 kHz, 60 dB bandwidth of ± 12.5 kHz with a maximum passband ripple and insertion loss of 1 and 1.75 
dB, respectively. Imagine putting one of these in front of your receiver on your favorite band. It should go a long way 
toward reducing that neighboring ham's strong signal 20 kHz away from you. 

From this editor's position, I see so many articles that would be of interest to you, the reader. For example, across 
the channel in France we have two excellent ham magazines, Megahertz and Ondes Courtes Informations (Short 
Wave Information). This month they feature articles on . . . But wait. I'll tell you about them and others in future 
issues — if you'd like. Let me know your thoughts. 


Rich Rosen, K2RR 
Editor-in-Chief 


* An S AS E to me will provide yog with the latest address and subscription information on these journals. 
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TRAGEDY IN THE SOUTH CHINA SEA ENDED A DXPEDITION to Spratly Island April 10. Two c 
le four Amateurs in the all-German group died as a consequence of Vietnamese shellfir< 
fter their chartered catamaran strayed too close to an occupied atoll in the hotly dis 














switching circuit 

Dear HR: 

The switching circuit described by 
Fred Dahnke, WB6IQV, on page 70 
of the January, 1983, issue of ham 
radio may cause problems in many of 
the newer GM automobile radio sys¬ 
tems. Neither side of the speakers in 
the newer systems is grounded, and 
introducing a ground, as in the draw¬ 
ing, may cause component failure 
within the radio. 

Modifications to the circuit may be 
made so the speaker system remains 
balanced, both with the speaker, and 
a load resistor, yet work with the un¬ 
balanced configuration for the two- 
way radio. On the other hand, some 
consideration must be given to the 
fact the car radio speaker system will 
be open during the switching time of 
the relay, and the possibility of dam¬ 
age to the radio because of this. 

The final decision is up to the vehi¬ 
cle owner, and the above must be 
weighed in this consideration. 

Sheldon Daitch, WA4MZZ 
Louisville, Georgia 


wire sizes 

Dear HR. 

I noted in Forrest Gehrke's article 
("A Precision Noise Bridge") in the 
March issue of ham radio that you 
have religiously converted English 
units to metric. This has become a 
popular custom in many publications 


even though such a procedure is fre 
quently cumbersome, and sometimes 
even improper. 

One good example is in converting 
wire gauges (the machine tool indus¬ 
try dropped that useless "Micro" thir¬ 
ty years ago) to a dimension in milli¬ 
meters. Giving a wire size as "No. 
24" is a wire size, but 0.5 mm is not a 
wire size. To be perfectly explicit, the 
size should be given as, for example. 
No. 24 AWG (for American Wire 
Gauge), or B&S for Brown & Sharpe, 
or Birmingham, or Stubs, or Wash¬ 
burn & Moen, or Imperial, to name a 
few). 

If you want to be completely con¬ 
fused, take a look at some wire tables 
such as those in the Handbook of 
Chemistry and Physics. While you are 
at it, you might notice that successive 
wire size numbers are 1 dB (voltage) 
apart. Thus if you can remember that 
No. 16 B&S is 0.05083 inch (0.1291 
cm), you can figure out the other 
sizes with fair accuracy. 

But please, don't confuse wire 
gauges with the metric system. They 
are simply a preferred number system 
based on a logical progression of 
diameters no matter what units are 
used. 

Donald E. Williamson, K4HVI 
Miami, Florida 


data bandwidths 

Dear HR: 

In the article "Data Bandwidths 
Compared" (December, 1982, ham 
radio ) the suggestion that phase 
modulation permits transmission of 
data at a rate faster than the corre¬ 
sponding receiver bandwidth is very 
misleading. Granted the sidebands 
may be more than 15 dB down, but 
those sidebands become increasingly 
important as the data rate goes up. 
The author notes that the error rate is 
higher; I wonder whether he consid¬ 
ers 50 percent errors satisfactory for 


800 BPS transmission through a 400- 
Hz channel. 

A more useful study would have in¬ 
cluded bit sequences other than the 
(1,0,0,1,0,1,1,01 in the examples. 
Though this may be random, it is by 
no means the only possible eight-bit 
sequence. Each has a different spec¬ 
trum. A proper analysis would have 
found the average spectrum from all 
possible eight-bit sequences. 

This article had a lot of potential. 
I'm afraid it will leave many readers 
with some incorrect ideas about data 
rates and channel bandwidths. 

Dick Simpson, W6JTH 
Palo Alto, California 


the battlefield 

Dear HR: 

The editorial "The Battlefield" by 
K2RR calls for respect for the DXers' 
right to 3795-3800 kHz. Before many 
Amateurs could respect special DX 
frequencies, they would first have to 
respect the wham-bam, touch-and- 
go-type of contacts. Today's DXing 
is very disappointing for those Ama¬ 
teurs who have known DXing as a 
means of gaining a personal or mean¬ 
ingful acquaintance with foreign 
hams. Too many so-called DXers, I 
believe, have only graduated from 
matchbook collecting, and their DX¬ 
ing techniques do not deserve any 
special respect. 

Warren U. Amfahr, W0WL 
Des Moines, Iowa 


good job 

Dear HR: 

I'm writing to let you know that I'm 
renewing my subscription because of 
your February issue. I hope you keep 
having articles on UHF/microwave 
equipment. There are too many gen¬ 
eral-interest articles and magazines. 
Keep up the good work. 

Denney Pistole 
Port Hueneme, California 
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measurement of 

PEP output power 


Instantaneous indication 
of peak levels 
with a multi-lamp 
LED display 

Ever since single sideband first became popular 
among Amateurs in the early 1960s, a problem has 
existed which has plagued both the Amateur and the 
regulating authorities. The problem has been to 
accurately measure the output power of an SSB 
transmitter when actually on the air — especially 
when operating near the maximum legal limit. Most 
countries specify a maximum power level that must 
not be exceeded by the Amateur. In the U.S.A., a 



Interior view of a 50-watt model PEP indicator. The assem¬ 
bly slides into an extruded aluminum case. The sampling 
head is contained in the rectangular housing at the rear. All 
other components, including the power supply, are 
mounted on an L-shaped PCB. 


limit is set on the allowable dc input power to the 
final amplifying devices — be they valve or solid 
state. In Australia, the United Kingdom, and many 
other countries, a limit is set on the allowable peak rf 
output from a transmitter. 

While measurement of peak output power has 
much to commend it in terms of the extra freedom it 
gives to the designer of the transmitter, the problem 
of accurately measuring this peak output power per¬ 
sists. The Australian and British authorities recom¬ 
mend use of an oscilloscope and a two-tone oscilla¬ 
tor to establish the permissible limit of 400 watts PEP 
output, and then impose a requirement on the indi¬ 
vidual Amateur not to exceed this limit when in 
actual operation. This method is, at best, clumsy, 
and it has the additional drawback that the recom¬ 
mended equipment is expensive. Furthermore, the 
oscilloscope method really requires a long-persis¬ 
tence tube if any worthwhile degree of control is to 
be exercised. It is the purpose of this article to de¬ 
scribe a simple device which can be used to accu¬ 
rately measure peak output power and which uses a 
dc voltage for calibration purposes. 

Consider first the completely conventional method 
of measuring rf voltages. Fig. 1 is typical of the sort 
of "rf voltmeter" that has been described in the liter¬ 
ature for decades. A diode in series with a capacitor 
is placed across the load. Provided the source gives a 
steady rf output, the capacitor then charges to the 
peak value of the rf waveform and this voltage can be 
measured with a normal, high-impedance dc volt¬ 
meter. 

However, in the case of SSB, the output is not 
steady but varies at a syllabic rate. The normal mov- 

By H.L. Hepburn, VK3AFQ, 4 Elizabeth Street, 
East Brighton, VIC, 3187, Australia 
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fig. 1. Conventional rf voltmeter. 


ing coil or taut band meter movement has consider¬ 
able mechanical inertia and is not able to follow fast 
variations in level. Indeed the meter will act as a sort 
of integrator and, to an extent which is set by its me¬ 
chanical construction, will tend to average out the 
peaks of the speech waveform. Under these circum¬ 
stances, it is just not possible for a mechanical device 
to register the fast peaks which cause over-limit 
operation. (Editors' note: The manifestations of 
which can be splatter, broad signals, and bad feel¬ 
ings on a crowded band.) This deficiency in mechani¬ 
cal meter movements makes the measurement of 
peak speech power impossible regardless of whether 
the license limits are defined in terms of input or out¬ 
put power. 

What's needed is a device that gives an accurate 
and unambiguous indication when license limits have 
been exceeded. Calibration of such a device should 
preferably be by way of easily measured dc voltages. 

Before I describe such a device, a few relationships 
are provided as background: The relationship be¬ 
tween the voltage on a feedline having a 1:1 SWR 
and the peak output power into the load is given by 
the formula: 


where £ is the instantaneous voltage on the feedline; 
P is the peak power in watts; and 
Ft is the load resistance in ohms. 

In the case of the conventional 50-ohm antenna sys¬ 
tem, this expression simplifies to: 

E - 10 -JF 

Working with the Australian "allowance" (that is, 
maximum power limit) of 400 watts PEP output, the 
voltage on the 50-ohm feedline must not exceed: 

10yj400 = 200 volts 

Thus, to meet the Australian license requirements, 
this 200 volts on the 50-ohm feedline must not be ex¬ 
ceeded at any time. 


threshold circuit 

Fig. 2 is a circuit diagram of a simple over-limit in¬ 
dicator. It shows whether the voltage on the 50-ohm 
feedline has or has not, even momentarily, exceeded 
200 volts (or 400 watts PEP) into a 50-ohm load. 
First, the voltage on the line must be reduced in a 
controlled fashion so that the capabilities of the 
diode are not exceeded. A resistive divider is used, 
which, at dc only, has a divide-by-5 ratio. At rf this 
ratio can still be maintained with the addition of sev¬ 
eral compensating components. The method of 
compensating the divider is detailed later. 

At the output of the primary divider, the 400 watts 
peak on the feedline is now represented by: 

2 g° = 40 volts 

Forty volts is still a bit high for solid-state devices, so 
a secondary divider consisting of a 5.6 megohms in 
series with a 1.2-megohm fixed resistor and 1.0-meg- 
ohm trimpot is used. This secondary divider has a 








nominal ratio of 4:1 so that when it's adjusted, the 
original 200 volts on the feedline is now reduced to 10 
volts. Since the output from the sampling head after 
rectification is audio with frequency components up 
to only 3 kHz, no compensation of the secondary di¬ 
vider is necessary. 

Output from the secondary divider is buffered 
using a high-input impedance FET op-amp (CA 3140, 
LF 356, TL 071, etc.) connected as a voltage fol¬ 
lower. Output from the buffer is applied to the invert¬ 
ing input of an op-amp set up as a comparator. The 
noninverting input is held at exactly 10.0 volts by 
means of the resistors across the 15-volt regulated 
supply. With no voltage input from the feedline there 
is no voltage on the inverting input of the compara¬ 
tor. The output of the comparator will be close to the 
15-volt supply line and the LED does not draw current. 

As soon as the 50-ohm feedline exceeds 200 volts 
(equal to 400 watts PEP), 10 volts or more is applied 
to the inverting input of the comparator. The compa¬ 
rator output drops, and the LED lights indicate that 
the allowable limit has been exceeded. For very short 
voice peaks, the eye may not register the fact that 
the LED was on. A rudimentary pulse stretcher con¬ 
sisting of a 1-megohm resistor and 1.0-pF tantalum 
capacitor is attached to the output of the buffer to 
ensure that there is a minimum on time for the LED. 
Calibration of the device requires a dc voltage source 
variable around 40 volts. 

The sampling head is removed from the feedline 
and the variable dc supply applied to the CALIB 40 
volts point on the primary divider. An accurate volt¬ 
meter is used to adjust the calibrating supply to ex¬ 
actly 40.0 volts. The 1.0-megohm trimpot is then 
adjusted so that the LED just lights. The variables in 
the system (voltage drop across the diode, offset 
voltage of the op-amps, inaccuracies in the resistors, 
and so forth) are all nicely taken care of by this dc 
calibrating procedure. 

Physically, the sampling head and primary divider 
may be separate from the comparator logic and 
should be fully shielded. A 5 x 1 % x 1 % inch (135 
x 32 x 32 mm) box made of double-sided circuit 
board makes a very simple shielded enclosure for the 
dropping resistors, the diode, the charge capacitor, 
and the calibrating voltage input point. The rf input 
can be a standard SO-239 socket, the rectified out¬ 
put an RCA socket, and the calibrating voltage input 
a standard banana plug socket. Fig. 3 shows how 
the head is assembled. A suitable power supply in¬ 
corporating both logic and calibrating voltages is 
shown in fig. 4. 

sampling head compensation 

The rectifying diode in the sampling head has a 
small but finite series capacitance. This capacitance 




is effectively across the 7.5-kilohm base resistor of 
the primary divider. At all significant rf frequencies 
this capacitance has a reactance which effectively re¬ 
duces the 7.5 kilohms to a considerably lower value 
depending on frequency. Unless something is done, 
the 5:1 ratio of the primary divider no longer holds. 

If a compensating capacitor is placed across the 
three 10-kilohm resistors forming the upper half of 
the primary divider, and adjusted so that its capaci¬ 
tance is exactly one quarter of the diode capacity, 
then the division ratio will remain at 5:1 although the 
effective resistance values may be significantly differ¬ 
ent from the dc resistance values. The compensating 
capacitor is a "gimmick" formed by attaching two in¬ 
sulated wires, one to the input socket and the other 
to the diode/7.5 kilohm junction, and twisting them 
together as shown in fig. 3. The test set-up for 
adjusting the compensating capacitor is given in fig. 5. 

calibrating the sampling head 

The station transmitter in the CW mode is oper¬ 
ated into a standard rf wattmeter. This wattmeter 
need not be a high-power one — 10 to 20 watts is 
adequate. The sampling head is T'd into the line con¬ 
necting the transmitter to the wattmeter. The trans¬ 
mitter is set to 3.5 MHz and the carrier level control 





advanced until a suitable reading — say 10 watts — 
is registered on the wattmeter. The absolute accu¬ 
racy of the wattmeter is unimportant. It is only nec¬ 
essary that the transmitter output be set to a fixed 
value during the calibration procedure. Now read the 
value on the voltmeter attached to the output socket 
of the sampling head. 

The transmitter is switched to 29.5 MHz and the 
carrier level advanced until the same 10-watt output 
is registered on the wattmeter. The voltmeter is again 
read. 

If the 3.5-MHz voltmeter reading is greater than 



the 29.5-MHz reading, there is insufficient capaci¬ 
tance in the "gimmick" and more twists should be 
added. If the 29.5-MHz reading is higher than the 
3.5-MHz reading, the head has been over-compen¬ 
sated for, and the "gimmick" should be untwisted. 
The aim is to get the voltmeter readings at both 3.5 
and 29.5 MHz to be the same. Note that putting the 
cover on the sampling head enclosure has a slight 
effect on the readings and should be allowed for. 

additional level indicators 

The single LED indicator described above serves 
one fundamental purpose, to show whether a set 
power level on the feedline has been exceeded. 
Other levels can be set simply by changing the dc 
voltage on the comparator noninverting input. 

A useful and practical extension is to use a multi¬ 
plicity of comparators, whose inverting inputs are fed 
in parallel by the buffer and whose noninverting in¬ 
puts are set at different dc levels, each dc level corre¬ 
sponding to a specific rf output power level. Fig. 6 
gives the schematic of such an arrangement suitable 
for eight levels. The resistive ladder (R1 to R9) is cal¬ 
culated on the basis of 1000 ohms per volt. In most 
cases it will be necessary to parallel two standard 5- 
percent resistor values to obtain the (usually odd!) 
values required by each "rung" of the ladder. The 
appendix details the method of calculating resistor 
values. 

However, the internal resistive ladders are char¬ 
acterized for either a linear or logarithmic relationship 
between input and comparator trigger points and are 
not applicable when the input/output voltages have 
a square root relationship, as is the case when power 
is being measured. By using devices such as the Na¬ 
tional LM339 (which have four comparators in a 
single 14 pin DIP), and an external resistive ladder the 
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design can be made very flexible and varied to suit 
most applications. 

In practice, an eight-step indicator covering 
150-500 watts in 50-watt steps is a very useful device. 
Using green LEDs up to the 350-watt mark and red 
LEDs for the 400, 450 and 500 watt levels, the 
green/red transition is very obvious. It is necessary 
only to place the indicator lights where they will be 
easily seen. It's not necessary to watch the indicator; 
you will notice the change to the red LED even if you 
are not consciously watching for it. The device was 
developed as a means of showing when the allow¬ 
able output power is exceeded during actual "on air" 
operation. For this purpose the stepwise approach is 
more than adequate. 

For tune up purposes, using a carrier only, there is 
no doubt that a continuous indication is advanta¬ 
geous. The simple addition of a high impedance volt¬ 
meter (10,000 ohms per volt or better) between the 
output of the buffer op-amp and ground accom¬ 
plishes just this, since, at that point, the voltage 
varies exactly in step with the voltage on the feed¬ 
line. The voltmeter 0-15 volt range should be cali¬ 
brated according to the power output being used. 
Fig. 7 shows how this is done. 

conclusion 

A commercial version of this indicator, based on 
the principles outlined above is presently being mar¬ 



keted in Australia. More importantly, the Australian 
regulatory authorities have tested the device and 
have pronounced it as an acceptable alternative to 
the official oscilloscope method. The three standard 
ranges used in VKare 5-40 watts PEP in 5-watt steps, 
25-200 PEP in 25-watt steps, and 150-400 PEP in 50- 
watt steps. Additionally, many "specials" have been 
made for other than Amateur use with 2 kW PEP 
being the maximum to date. The only changes nec¬ 
essary to do this have been in the values of the pri¬ 
mary divider resistors and their wattage. The use of 
5-percent-tolerance resistors in the unit has proved 
to be entirely satisfactory. 

appendix 

Calculation of ladder resistor values: table 1 includes data for an 
eight-step indicator covering 150-500 watts PEP in 50-watt steps. It 
can be revised for other ranges and other spacings by the following 
procedure. A supply of 15.0 volts regulated is required. 
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Anyway You look 
At It.... ADM Has 
Your Antenna 



ADM 11, ADM 13, ADM 16, ADM 20 
Sturdy Aluminum Steel 
Construction 

Easy Assembly Installation 

ANTENNA DEVELOPMENT & 
MANUFACTURING, INC. 

P.O. Box 1178, Hwy. 67 South 

Poplar Bluff, MO 63901 

(314) 785-5988 686-1484 ^ m 


1. List in column A Ihe power levels and spacings required 

2. List in column B Ihe peak voltage on a 50-ohm line for each 
power level calculated from the formula E = h)^~F 

3. List in column C the voltages expected out of the 5:1 primary 
divider for each power level calculated from the formula 

0 2 E 

A. List in column D the voltages expected out of the 4:1 secondary 
divider for each power level calculated from this formula: 



Note that Ihe voltages calculated in step 4 are the trigger volt 
ages, which have to be set on the noninver; inputs of the compara 
tors. Call these / to (M and enter in column E. 

5. The resistance required between ground and the noninvert in 
put of Q/ is given by the formula Q/ • 1000. This resistor is 
shown in fig. 6 as HI . If the resistance value is not within 2 percenl 
of a standard resistor value, two resistors will have to be paralleled 
to get the correct value. 

fal Let H„ be the value required 

fbl Choose the next standard value of resistor higher than R„ 
Call this Resistor K, 

Ic) Calculate the value of the paralleling resistor required with 
this formula: 



This calculation will usually give a result which is not a standard 
value but which is between standard values. Again, choose a 
standard value for R/,„, which is the next one above the calcu- 

(d) Check that «. paralleled with is within 1 to 2 percent of 
the required value of H„ using this formula: 



value in columns G and H. 

6. The value of R . is given by the formula 

(E, nf , Q2 - (ID y 1000 

To realize the correct resistance value, steps 5(a) and 5(d) are 
repeated. 

7. The values of R) to RH are calculated much like R : . using the 

ft* - £r« ft* H • 1000 
and steps 5(a) to 5(d) as before 

8. The value of R 9 is calculated from this formula: 

(13.0 - E,„ k QSI ■ 11)00 

Note that if the actual voltage available on the regulated 15-volt line 
is significantly different from 15.0 volts Isay, over 15.3 volts or 
under 14.7 volts) then calculate R9 using this formula: 

(a) Calculate the percentage variation of the used values of Rl 
to R9 as shown in column H from the theoretical values of R 
shown in column F. Provided they are within 2 percent, no 
change is required. As table 1 shows, the error in each step is 
likely to be very much less than 2 percent and of no practical sig 
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design of 

short vertical antennas 

for the low bands: 
part 2 


An efficient radiator 
for 160 and 75 
that uses two top hats 



istics of several short verticals over ordinary ground 
radial systems. This information is now applied to the 
construction of a very short two-band trapped vertical. 


the antenna system 

The antenna consists of two top hats separated by 
a parallel resonant 75-meter trap and a 35-foot-long 
(10.67-meter-long) section of 2-inch aluminum irriga¬ 
tion pipe. It resonates on 1.836 MHz and 3.830 MHz. 
The 75-meter top hat comprises four 8-foot (2.44- 
meter) pieces of 3/4-inch aluminum tubing, mounted 
at right angles to themselves and to the mast. 

Four 50-foot-long (15.24-meter-long) sections of 
No. 8 aluminum clothesline wire double as the top 
guys and the 160 meter top-hat. The trap is placed 
between these wires and the top of the mast. For 
design purposes the trap inductance is 4.5 nH with 
an equivalent inductance when paralleled with 400 
pF of slightly over 5 /iH at 1.8 MHz. With the trap 
shorted the antenna resonates at 3 MHz. 

The general layout is as shown in fig. 1. Six rather 
small trees and the lower guys are not shown. Fig. 2 
shows the electrical connections. 

Since 2-inch irrigation pipe is very limber, it needs 
to be guyed. The first installation had eight guys; 
four comprised the 160-meter top-hat, plus four 
more at the 60-percent level. On one windy day the 
mast section below the lower guys vibrated at 20 to 
30 Hz, displacing at least half an inch. Wind velocity 
at the time was probably 30 to 40 mph (50-65 kph). 
Another set of guys was subsequently installed at the 
12.5-foot (3.8-meter) level. The positions are now at 
35 feet (10.7 meters), 21 feet (6.4 meters), and 12.5 
feet (3.8 meters). This damped the motion. 

By W.J. Byron, W7DHD, 5 Lambert Lane, 
Robbinsvilie, New Jersey 08691 
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The system is resilient enough so that continued 
vibration certainly would not have damaged the 
structure, but it does stranger things: it unscrews 
nuts, bolts, and machine screws, and it causes 
fatigue in electrical connections. The fastening 
points for the guys on the mast are steel devices de¬ 
signed for connecting 2-inch fence posts together. 
All guys are broken up into sections approximately 10 
feet (3 meters) long, insulated by TV-mast-type 
"egg" strain insulators. 

A 30-kV ceramic stand-off insulator is used, sup¬ 
porting the weight of the antenna system. In this 
application the potential across it is under 100 volts. 
For this (and even more stringent requirements) an 
empty (but corked) champagne bottle will do just as 
well: they have heavier walls than soft-drink or beer 
bottles. An alternative base insulator for this antenna 
could be a 500-ohm "glo-bar" resistor, since the 
higher antenna input resistance (achieved on 75 
meters) is only 19.6 ohms. 

It is a much different story, however, if a base 
loading coil is either wound around the insulator or 
connected across it. Assuming total base-loading, 
the rf potential on a X/16 vertical could reach 5000 
volts, and that puts insulator requirements in an en¬ 
tirely different light. 

the ground system 

Short verticals must have good rf grounds. At my 
location the longest radial wires are the four diago¬ 
nals that run across the back yard, each about 90 feet 
(28 meters) long. The shortest are the two that span 
the short side, each 65 feet (20 meters) long. All 
other radials are of lengths between those limits. 
Since all are shorter than X/4, it was decided to put 
as many radials down as would be practicable. One 


hundred radials were installed, utilizing 7,300 feet 
(2250 meters) of galvanized steel, 17-gauge electric 
fence wire. 

Heeding the advice of Jerry Sevick, they were laid 
down, in October, 1978, on the surface of freshly 
close-cut lawn. At those places where the ground 
dipped a wooden stake was driven in flush with the 
average ground height, and the radial wire was sta¬ 
pled to the top of the stake. None of the radials were 
buried. By midsummer, 1979, grass had concealed all 
the wires. By that time a metal detector would have 
been necessary to find even one of them. A couple of 
wires did catch in the mower in the spring of 1979, 
but these two were replaced and there has been no 
trouble since. 

The radials are attached to the base plate by solder 
lugs and No. 6-32 (M3.5) stainless steel screws. The 
base plate is an 18-inch (0.5-meter) square piece of 
6061-T6 aluminum, 1/4 inch thick. One hundred 
holes were drilled with a 6-32 (M3.5) tap-drill 
(twenty-five on a side) and then tapped by hand. 

Most radial wires are terminated by an 18-inch 
(0.5-meter) piece of reinforcing rod, supplied and cut 
by a local building supply company. Some are termi¬ 
nated by 4-foot (1.2-meter) ground rods. These were 
reserved for the shortest radials. All this paid off; the 
ground loss was very small. 

lightning protection 

Something should be said about grounds for light¬ 
ning protection. At my location some of the larger 
trees and also some of the power-line poles are high¬ 
er than the antenna, but none of them are in the im¬ 
mediate vicinity of the antenna. I drove four 4-foot 
(1.2-meter) rods below ground level several feet off 
the corners of the baseplate and connected them to 
the corners by a No. 8 solid copper wire. The rods are 
on about 6-foot (1,8-meter) centers. 
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A little research into grounding revealed that if two 
rods are spaced close together, say less than a foot 
or two, their parallel resistance to ground is no less 
than that of one rod. In other words, rod surface 
area alone has very little to do with contact resis¬ 
tance. Ground rods should be spaced at a distance at 
least equal to their length for minimum resistance to 
ground. It has been shown also that athough there is 
little correlation between their surface areas (rod 
diameter) and resistance, there is a direct correlation 
with their length. So the proper lightning ground 
should have been composed of 8-foot (2.5-meter) 
rods spaced approximately 10 feet (3 meters) apart. 

Even if the ground resistance could be reduced to 
5 ohms (ohmic resistance, dc), a direct hit delivering 
a pulse current as low as 2,000 amps would still pro¬ 
duce a voltage at the base of the antenna of 10 kilo¬ 
volts with respect to nearby objects such as coaxial 
feedline and the shack. Lightning ground rods can 
help protect the shack or the house; they will not 
protect the equipment. Despite the rods, when I 
leave the shack for the day I uncoupJe the coaxial 
transmission line and leave it dangling on the wall. 

matching 

The system exhibits two distinct resistive feed- 
point impedances, both less than 50 ohms. Several 
options exist for feeding the antenna, but the one I 
chose involves running a "flat" transmission line 
(that is, matched at both ends), the impedance trans¬ 
formation being accomplished by a transmission line 
transformer (TLT) at the base of the antenna. Con¬ 
struction details are given in fig. 3. There is a slight 
mismatch at the 75-meter tap. The load impedance 
(measured) is 19.6 ohms. At the 2/3 point of the 
TLT, the impedance is 22.22 ohms, providing a best- 
case match (VSWR) of 1.13. The 160-meter tap is ex¬ 
actly at the measured value of antenna resistance, 
5.5 ohms, which occurred by lucky coincidence. 
Those two taps could be switched by a relay ener¬ 
gized in the shack. At the time I didn't have a relay 
with sufficient contact force or size to do the job. At 
the kilowatt level, the base current in the 160-meter 
antenna is nearly 13.5 amperes. At this level each 
0.1-ohm circuit resistance dissipates 18 watts, a loss 
which would hardly be missed in the resultant signal 
but which is serious if it happens to occur in a relay 
contact, which may have a total volume of less than 
one-tenth of a cubic centimeter. 

Another option is to use a quarter-wave matching 
section, computed in the usual way: 

2m = s/2,Z 0 

For Z, = 50 ohms, and Z 0 = 5.5 ohms, Zm = 16.6 



ohms, almost exactly one-third of 50 ohms. It would 
require a total of 350 feet (107 meters) of RG-58: 
three cables, each 117-feet (35.6-meters) long and 
operated in parallel. That is a lot of cable but it 
works. On 75 meters, the length would approximate 
X/2, and the 19.6-ohm resistance would be repeated 
at the transmitter with an intermediate point SWR on 
the 16.6-ohm transmission line as low as 1.18. Its use 
would require a transmatch at the transmitter, how¬ 
ever. 

When it's cold outside it's a chore to go out and 
switch the TLT. I soon discovered that with the TLT 
on the 5.5-ohm tap and the excitation on 3.8 MHz, 
the resultant 4:1 SWR could be compensated for by 
the transmatch at the transmitter with apparently no 
loss in efficiency. The loss due to that mismatch is 
about 1 dB. Whenever the weather is foul enough to 
discourage a "switching trek" I use the transmatch. 
Note that the loss is low only for frequencies of 4 
MHz and lower. It would not be true at 30 MHz, 

Figs. 4 and 5 are plots of the measured VSWR 
within the two bands. The measurements were taken 
from the shack at the end of the long RG-8/U trans¬ 
mission line. I used a Bird Model 43 wattmeter and 
the barefoot exciter with its digital frequency display. 
The readings reveal a couple of important facts: 

1. The measured impedances at the antenna base 
were correct. 

2. The transmission line transformer is adequately 
designed. 

The antenna systems, although narrow in band¬ 
width, can be tuned by means of transmatches. I use 
two, one for 160 meters and the other for 80 through 
10 meters, enabling me to operate over a range of 
200 kHz on 75 meters and 100 kHz on 160 meters 
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with little loss. Mine are both the McCoy "ultimate 
transmatch" type. In general, transmatches are rec¬ 
ommended for use with trapped systems to reduce 
harmonic radiation. 

performance 

The 75/160 meter antenna has proven to be an 
effective radiator. Because of the low-angle radiation 
and the efficiency (high radiated field), I can make 
two-way contacts on 160 meters at high noon in mid 
summer over distances of up to 200 miles. At the 
equinoxes, I've made two-way SSB QSOs with New 
Zealand. At various other times in the winter the sys¬ 
tem has enabled me to work England, Brazil, Pana¬ 
ma, Nova Scotia, Bermuda, and most of the United 
States. On 75 meters the performance is much the 
same; I've made contacts with all of the above places 
plus Germany, Alaska, and western Australia. All of 
these contacts were incidental, since I do not seek 
DX actively. 

conclusion 

In various contacts I've made with other users of 
verticals, it's become obvious to me that the Ama¬ 
teurs who have become disillusioned with, and con¬ 
sequently abandoned, short verticals did not fully 
understand just how important the ground system is. 
The shorter the antenna, the more sensitive it is to 
ground losses. The problem becomes worse when 
the antenna is both short and base loaded. Conse¬ 
quently, more attention should be paid to the ground 
system than to the "top-works," while not neglect¬ 
ing the reduction of ohmic losses in coils, relay con¬ 
tacts, electrical connections, and bonding strips. 

I also often hear it said that the antenna should be 
erected over a high water table: "The water table is 
only five feet below the surface here, and I have 




fig. 5. VSWR plot between 3.76 and 3.90 MHz of the 75- 
meter system. 


grounding rods driven right down into it." That 
means absolutely nothing, unless that "ground 
water" is salt water. Fresh water, particularly if it is 
potable, has the conductivity of poor earth. The 
answer to all this, of course, is to know what the an¬ 
tenna should "look" like, and to measure the base- 
impedance over the ground system. If the system 
should present a 20-ohm load and has no ohmic loss 
but measures 50 ohms, you know immediately that 
the ground resistance is 30 ohms. Consequently, the 
signal from that antenna will be considerably re¬ 
duced, even though it will present a very good match 
to the transmission line. 

The use of a very short base-loaded whip (such as 
a mobile whip) reveals something interesting. It is 
such an inefficient radiator that it can be used to esti¬ 
mate ground loss. Resonate the whip over the 
ground system and measure the total resistance. 
Then remove the whip above the coil and replace it 
with a variable capacitor to ground. Reresonate the 
coil. 

When all this is done, the radial system is effective¬ 
ly removed from the circuit. You can then make 
another noise-resistance measurement, determining 
the coil resistance. Absence of the whip ( R r = 0) has 
no measurable effect. The ground resistance is then 
the difference between the two measurements. 
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vertical phased arrays: 

part 2 


Part two examines 
array siting, field plot calculations, 
and minor lobe determinations 


The theoretical design of vertical phased arrays 
will be the subject of this article, the second in this 
series on vertical antennas. Every designer must bal¬ 
ance his performance requirements for high gain and 
F/B (front-to-back ratio) against his resources 
(space, money, and time). There is always a strong 
temptation to skip past the theoretical work and pro¬ 
ceed with the more engrossing task of construction. 
But after having relocated the elements of an array 
(complete with one-hundred radial ground systems) 
more than once, I can tell you that a few thoughtful 
hours spent on design can save many hours of 
wasted construction time. 

For example, you might want to start with a two- 
element array. But before you clear a site of brush 
and trees, consider what you might be faced with 
should you later decide to add elements to this array. 
And consider the directions of the main lobe of the 
changed array. For instance, a two-element array has 
a main lobe whose half-power beamwidth is 180 de¬ 
grees. Before you decide to aim this array toward 
Europe or Japan remember that the signal loss sus¬ 
tained in orienting this array exactly east and west is 
about 1/2 dB (down from Europe or Japan) and only 
3 dB — half an S-unit — down in a north or south di¬ 
rection (see figs. 3 and 4 )*. I live in a wooded area 
and, not being willing to become involved in a lum- 

By Forrest Gehrke, K2BT, 75 Crestview, 
Mountain Lakes, New Jersey 07046 


'Charts as introduced in the text are not in sequence. However, they are 
grouped as follows: two-element arrays, figs. 3 and 4; three-element 
arrays, figs. 5 through 11; four-element arrays, figs. 12 through 17. 
Editor. 


24 BB June 1983 




bering operation, I had to strategically locate a 4- 
square array among the trees. Because I failed to 
give some advance thought to these considerations, 
relocations of elements were required with every ad¬ 
dition to my array. 

In a previous article, 1 I discussed some of the rea¬ 
sons for less-than-anticipated performance in vertical 
phased arrays, particularly in front-to-back ratio. The 
major fault in many designs is a failure to consider 
the real and significant effects of mutual coupling be¬ 
tween elements; neglecting these terms can result in 
an incorrectly designed feed network. 

symmetry is essential 

Knowing the characteristics of the array, we can 
ensure that the correct current magnitude and phase 
exist at the input terminals of each element — for a 
particular direction. 

However, in a switchable array the magnitude and 
phase drive current requirements to a specific ele¬ 
ment will depend on position (direction) chosen. 
Conversely each element must perform correctly for 
each switched direction of the array. If we expect to 
have identical field patterns in each direction it is nec¬ 
essary to ensure electrical symmetry. For example, 
referring to the driving-point element impedances of 
a typical 4-square array, spaced 1/4 wavelength, 
with equal amplitude current ratios, phased - 90 and 
- 180 degrees we have: 

Zi = 1.9 - jl.8 

Z 2 = Z,= 35.1 — jl2.1 

Z 4 = 59.2 +j42.6 

The zero degree phase reference elements driving point impe¬ 
dance is Z ( . The diagonally opposite element is phased -180 
degrees and its driving point impedance is Z 4 . The two middle ele¬ 


ments, each phased - 90 degrees present the same impedances 
Z2 and Z 3 . When this array is switched through its four directions, 
each element, in turn, assumes each of the four electrical positions 
in the array. For identical patterns in each direction each element 
must exhibit the particular driving point impedances appropriate to 
these electrical positions. For example, as each element is switched 
to occupy electrical position 4, the same driving point impedance 
Z 4 must be presented to the feed network. Similarly, as each ele¬ 
ment is switched into electrical position 1 it must present the much 
different impedance Z,. So, instead of physically rotating this an¬ 
tenna, keeping each element fixed in its electrical relationship as 
with Yagis, we rotate the electrical relationship of the elements 
and keep the physical relationship fixed. 

This is an important difference from the design of 
a-m broadcast arrays. Broadcast arrays are seldom 
switched, being designed for a particular listening 
area, and with departures from symmetry often in¬ 
tentional. For a switched array, each element's self¬ 
impedance, and each of its mutual impedances, 
must be as similar as possible. 

Electrical symmetry is a function of the physical 
symmetry of the array which includes groundplanes 
and other nearby conductive structures. Metal 
towers, other antennas, guy wires, roof gutters, and 
leaders — that is, any conductive line within a wave¬ 
length of any part of the array, especially if it is at or 
near resonance (a multiple of a half-wavelength and 
ungrounded, ora quarter-wavelength and grounded) 
— should be avoided. Otherwise, a meahs must be 
found to prevent resonance. An example of prevent¬ 
ing resonance would be to break up guy wires with 
insulators, making them ungrounded quarter-wave 
sections. When siting an array, then, look carefully 
around the area before starting work for anything 
that can act as another antenna. Unlike Yagis, where 
making spacing adjustments involves loosening a 
few clamps, low-band vertical arrays, with their 
groundplanes, are not easy to make adjustments on. 



June 1983 Q9 25 









extensive ground systems 

Don't scrimp on the groundplane. At least sixty 
radials a quarter-wavelength or longer should be 
under each element. If in some directions this is not 
possible, use radials at least an eighth wavelength 
long in even larger quantity. At those azimuths your 
array will probably have a higher elevation angle. 
However, more radials, even if short, help keep the 
angle down. 

Theoretically, an infinitely conducting ground- 
plane is required, but it's not practical to copper plate 
the neighborhood. Don't make the mistake of think¬ 
ing that twenty or thirty radials is approaching the 
point of overdoing it! Incidentally, if you can, lay 
radials on the surface. If you must bury them, keep 
them as close to the surface as possible. Large-size 
wire is not necessary; I use No. 24 PVC hookup wire. 
Galvanized steel fence wire is not a good idea: it cor¬ 
rodes very quickly, becoming totally ineffective as a 
radial. 

characterizing the array 

After choosing the site it's necessary to see what 
kind of an array can be fitted within that area, what 
its characteristics might be and its switchable direc¬ 
tions. The calculation of horizontal field patterns is 
an exercise in trigonometry. 

Since F/B ratio is a major interest, we need to ex¬ 
plore in greater detail the pattern in the rear area of 
the array. Inspection of the field equation shows that 


subtractive operations take place here, often result¬ 
ing in small fields which have large variations with lit¬ 
tle changes in azimuth. This necessitates many azi¬ 
muth calculations to reduce the granularity of the 
plot. Compare the similar arrays of fig. 13, a plot in 2- 
degree increments, with fig. 16, plotted in 10-degree 
increments. We would not want to miss seeing the 
actual variations, since deep nulls may be used later 
in checking out the array. A programmable calculator 
or a small computer is an obvious choice for handling 
this drudgery. When the HP-35 scientific calculator 
was introduced 10 years ago I plotted a three-ele¬ 
ment in-line array using 10-degree increments. The 
process required about 8 hours and seemed light¬ 
ning-fast, but everything is relative; now I watch a 
Sharp PC-1500 do this in 2-degree increments in 5 
minutes — including drawing a graphical represen¬ 
tation. 

multi element array equation 

The equation for the total field from any multiple 
element antenna is: 

* E = eg /Bp + Xgcosd 0 + Ypstnd 0 

+ ... + e n /K + X n cosd° + Y„sm8° 

allows simplification of the programming task, 

where E is the total field term 

eo, --e n are the individual term amplitudes 
Bg,...B n arethe driving-point phase displace¬ 
ments with respect to the reference term 
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X 0 ,...X n and Y 0 ,... Y n are the physical 
distances in terms of degrees of wavelength 
from the 0,0 coordinates 
0 = horizontal direction considered 

There will be as many terms as there are elements. It 
is usually convenient to place one of the elements at 
the X y axis (origin) and to consider this element the 
reference element. This also simplifies calculations 
since all of its angular components then equate to 
zero. Since we are interested only in the magnitude 
of the vector sum of the individual terms, the angle 
resulting from this calculation is discarded. 

two-element array calculations 

Referring to fig. 1, consider a two-element array, 
with the reference element located at the origin, eo is 
the amplitude of the electric field of this element at 
some given distance in any direction, with a drive 
phase displacement Bo of 0 degrees. Similarly, at the 
same distance, the field of the other element is et 
with its driving-point phase displacement of B| 
degrees with respect to the reference element. At the 
given distance (assumed to be far enough removed 
from the array so that the combined field can be con¬ 
sidered a plane wave) E is the vector sum of the fields 
eo and ei in the horizontal direction 0 degrees. Note 
that both displacements, the physical and the electri¬ 
cal terms, are given in degrees. 

We are interested only in determining a relative 
field plot for an array. We want to know what the 
fields are at various azimuths relative to the field at 


some fixed angle (usually chosen as the maximum 
field direction). Provided all the elements are identi¬ 
cal, we can substitute current for voltage and we can 
state this current as a ratio of the reference-element 
current amplitude. For example, if each element 
were to be fed with equal current amplitude, the ratio 
would be 1 for each element. 
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three-element array calculations 

A specific example illustrates how to use this equa¬ 
tion. Referring to fig. 2, assume an equilateral trian¬ 
gular array with 0.289 wavelength spacing (that is, 
103.92 degrees): 


This graph requires explanation, since I have further 
manipulated the results for the portrayal of this data. 
First, the results are normalized, by dividing each 
result by the maximum value. Second, the logarithm 
(base ten) is taken of each normalized value and 
multiplied by 20 to make all the calculated points 
relative to 0 dB. Thus: 

dB (at azimuth 9°) = 20 logjg I/Imax 

Since the maximum value for I occurs at 0° azi¬ 
muth, then normalizing to this value in terms of dB 
for the data listed above: 

19° decibels 

0 +0 

30 -0.65 

60 -2.55 

90 - 5.53 

120 -9.54 

150 -10.99 

180 -9.54 

This method of representation best displays array 
rejection capabilities, not easily shown in a polar plot. 
For example, assume an array with a respectable 
- 30 dB F/B ratio. Whatever scale is used for the di¬ 
rection of maximum signal must now be divided by 
1000 to show this rejection. This will appear as little 
more than a flyspeck on a polar plot and provide no 
clear indication of variation with azimuth. Suppose 
we are listening to an S 9 + 30 dB signal at the front 
of our array; switching the array around, to the rear 


Since this is an equilateral triangle, a = 30 degrees. 

Xj = X 2 = 103.923 cos 30° = 90° 

Y, = 90 tan 30° = 31.962° 

Y 2 = 90 tan (-30°) = -31.962° 

If equal amplitude current drive feeds the array and 
elements 2 and 3 are both phased - 90 degrees, the 
field at any azimuth 6 degrees is: 

1 = 1 /0° + 1 / — 90° + 90 cos 6° + 31.962 sin 9° 
+ 1 J-90° + 90 cos 0° - 31.962 sin 9° 
Substituting values for 9°, we get: 


(relative current 
0° magnitude) 

0 3.00 

30 2.78 

60 2.24 

90 1.59 

120 1.00 

150 0.85 

180 1.00 

Refer to fig. 7 for a relative power plot of this array. 
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we will still see S 9, a not insignificant signal. Yet the 
reduction is by a factor of 1000, and if the transmitter 
is running a kilowatt, our array will treat it as though 
it were only one watt! This illustrates the need for 
working with logarithmic decibels. But we should not 
forget what they represent; they are not linear. 

If the array is symmetrical and has been located 
symmetrically about the x or y axis, it is not 
necessary to plot more than 180 degrees; the other 
half is a mirror image. 

determining array gain 

The value for /, in the direction of maximum sig¬ 
nal, is not an absolute gain figure. This value is mere¬ 
ly derived from the number of elements and the 
absolute current ratios used. An indication of gain is 
obtained by observing the total included angle of the 
main lobe between the half-power (-3 dB) points; 
thus the smaller the included angle the higher the 
gain. The simplest way to determine gain is to make 
a polar power plot (square each azimuth calculation 
result). Calculate the area of this lobe and then deter¬ 
mine the equivalent radius of a circle having the same 
area. Using the same scale, the ratio of the length of 
the maximum lobe vector to this equivalent radius is 
the gain of the array over a single vertical element. 
However, on the low bands F/ B ratio is much more 
important than gain. For the purposes of making ver¬ 
tical array evaluations from the field equation, keep 
in mind these implied assumptions: 


1. There is an infinitely conducting groundplane. 

2. All elements are electrically identical. 

Any departure from an infinitely conductive 
groundplane results in lower efficiency due to ground 
losses and a higher vertical radiation angle (of maxi¬ 
mum signal). If the elements are not electrically iden¬ 
tical, the real field pattern differs from the calculated 
one. For switchable arrays using the same feed net¬ 
work, further complications occur. Even the real field 
patterns will not be alike. 

n-element array calculations 

Using the field plotting equation and a program¬ 
mable calculator, any array layout can be examined. 
Simply choose the angular coordinates for each ele¬ 
ment, their drive current amplitude ratios and phase 
displacements. There are no restraints in choices of 
current amplitude ratios and phase displacements. 
(Later, these values will be used in calculating the 
element driving-point impedances, which in turn will 
determine the feed network.) 

Experimentation shows that equal current to all 
elements is not always best; neither are element 
spacings of 1/4 wavelength or current phase dis¬ 
placements of 90 degrees always optimum. Fig. 11, 
an equilateral triangle array, best illustrates these 
points. This array has elements spaced 1/8 wave¬ 
length apart with two of its elements operated at a 
current amplitude ratio of 0.5 and current phase dis- 
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placement of - 135 degrees. A number of represen¬ 
tative arrays have been plotted to show their general 
properties and to illustrate the variations that occur 
with changes in physical layout or varying input drive 
conditions. 

two-element arrays 

Figs. 3 and 4 are two-element array plots. These 
produce cardioid field patterns when driven with 
equal amplitude current with a phase displacement 
of -90 degrees. The half-power beamwidth is about 
180 degrees with a theoretically infinite F/B at pre¬ 
cisely 180 degrees azimuth. The 1/8 wavelength 
spaced array has a slight edge in F/B performance 
but because of close spacing it has some special 
problems of its own which I will discuss presently. 

The 1/4-wavelength version is quite tolerant of 
drive condition deviations and displays a useful F/B 
ratio even with phase displacements far from opti¬ 
mum. These characteristics, plus its simplicity and 
small space requirement, account for its popularity. 
The easy tolerance of this design may also account 
for the unwarranted but widespread belief that more 
complex arrays will be equally amenable. It so hap¬ 
pens that if the feed network of this array consists of 
50-ohm, 1/4-wavelength coaxial feeders to the ele¬ 
ments and a 1 /4-wavelength delay line, nearly opti¬ 
mum drive conditions will exist for best F/B. 


triangular arrays 

The triangular array plots aptly illustrate design 
parameter variation (figs. 7, 8, and 9). Prior articles 3,4 
proposed 0.289-wavelength element spacing (result¬ 
ing in 0.25 wavelength for the distance from apex to 
base of the triangle). W1CF proposed unity current 
ratios, with two of the elements phased - 90 degrees 
(fig. 7). W2PV proposed phasing these two elements 
at -110 degrees and reducing their current ampli¬ 
tude ratios to 0.5 (fig. 8). The result for both of these 
arrays, while providing three alternatives for beam 
direction, is a not very spectacular maximum F/B 
ratio of -10 and -15 dB, respectively. If parts of 
both proposals are combined, that is, phases of - 90 
degrees and current ratios of 0.5 for these two ele¬ 
ments, maximum F/B ratio improves to nearly infini¬ 
ty (fig. 9). A little time spent with a calculator has 
changed a not-too-interesting array into an exciting 
performer. 

Both writers proposed to make these arrays 
switchable in six directions; W2PV omitted explain¬ 
ing how, and W1CF proposed an equal power di¬ 
vider. However, since the elements will not present 
equal and resistive driving-point impedances (in any 
of these variations), WICF's intended field plot can¬ 
not be achieved with equal power division. Since the 
half-power beamwidth of these arrays is about 135 
degrees, the additional complexity required to switch 



wave spacing -90 degree and -180 degree phasing, 
1:1:1:1 current ratios. 
























this array in six directions makes it of questionable 
value. Nevertheless, we can develop a feed network 
which produces a leading phase of +90 degrees, 
making the array switchable in six directions (see fig. 
10). Two feed networks are required. A future article 
will present a lumped constant network equivalent to 
coaxial lines, except that current phase may be ad¬ 
vanced as well as delayed (and may be designed for 
any characteristic impedance one happens to 
require!). 

three-element in-line arrays 

This antenna is another example of an unequal 
current-amplitude-ratio driven array. The middle ele¬ 
ment current is twice that of the reference element. 
The 1 /4-wavelength spaced version, properly driven, 
has a 90 degree included angle over which the F/B is 
better than -25 dB (approaching infinity at the 180 
degree azimuth). The half-power beamwidth is about 
150 degrees and is down -6 dB, or one S-unit, at 
the ±90 degree azimuths. On 80 meters the F/B 
capability of this array has been impressive in listen¬ 
ing tests, even with nearby stations (within 20 miles), 
the ultimate test of F/B on the low bands. I have 
often considered the possibilities of an antenna con¬ 
sisting of two such arrays, operated at right angles to 
each other. 

The 1 /8-wavelength spaced array plot is a near 
duplicate of the wider spaced array. It has slightly 
higher gain as a result of its narrower half-power 
beamwidth of 110 degrees and it has a wider width 
over which F/B exceeds -25dB. 

4-square arrays 

These arrays, although having four elements, are 
closely related to the three-element in-line type. The 
array projects its main lobe along a diagonal of the 
square, with the two middle elements driven at the 
same phase and the current divided between them. 
In effect, the middle element is split into two ele¬ 
ments. Half-power beamwidth is about 95 degrees, 
indicating a gain increase over the three-element in¬ 
line. The width over which the F/B is -25dB or bet¬ 
ter has increased to 150 degrees, though the average 
rejection over this range is not as deep as with three- 
element in-line arrays. The symmetry of this element 
arrangement allows the array to be switched in four 
directions using the same feed network; that is, the 
main lobe may be formed in either direction along 
either diagonal. As has been pointed out earlier, due 
to the significant dissimilarity of drive-point impe¬ 
dances of any element as the array direction is 
switched, more than ordinary care must be taken to 
ensure electrical symmetry. Experiments with the 
field equation demonstrates the high minor lobe sen¬ 


sitivity of this array to small deviations in any of its 
design parameters. For example, changing element 
spacing from 0.25 wavelength (fig. 12) to 0.272 re¬ 
sults in the formation of two additional minor lobes at 






























130 and 230 degrees (fig. 13). If the phasing is 
changed from exact multiples to - 90 and - 190 de¬ 
grees (fig. 15), the additional lobes have formed but 
without definition to the nulls. The same sensitivity is 
shown to small dissimilarities in drive current ratios 
among the elements. 

array of arrays 

This name refers to an antenna arranged to consist 
of arrays which are themselves arrayed. The simplest 
example consists of two two-element arrays config¬ 
ured as a square. Two adjacent elements are treated 
as reference elements fed in phase, and the remain¬ 
ing two elements are also fed in phase but displaced 
-90 degrees. Current amplitudes are all equal. This 
scheme allows switching the main lobe in four direc¬ 
tions, except these are offset 45 degrees from the di¬ 
agonal directions. In combination with the 4 square 
feed network we could have eight directions. As 
commented in connection with the triangular array, 
since the half-power beamwidth of the 4-square fed 
connection is about 95 degrees, switching in a differ¬ 
ent feed network for these additional directions ap¬ 
pears to be a needless complication' (Perhaps more 
useful would be the provision for a separate feed net¬ 
work for optimum F/B operation of the array in the 
80-meter phone and CW subbands.) 

With 1/4 wave spacing, -90 degrees phasing and 


all elements fed equal current (amplitude), the half¬ 
power beamwidth is about 140 degrees as seen in 
fig. 7. The -25 dB or better F/B width is a paltry 40 
degrees, although at 180 degrees azimuth it 
approaches infinity. Except for increased gain over a 
single two-element array, the performance of this 
antenna is not notable and is not nearly equivalent to 
that obtained from the same physical layout when 
connected as a 4-square. 

As noted earlier for simpler arrays, the 1/8-wave¬ 
length-spaced 4-square field pattern is nearly identi¬ 
cal to the 1/4-wavelength-spaced pattern. In each 
type of array examined we can note differences 
which show improvements in all characteristics over 
its equivalent larger size array. However, closer spac¬ 
ing means high mutual coupling, which in turn 
means even greater sensitivity to element variations. 
Such an array is difficult to provide identical field pat¬ 
terns for all switchable directions. Unless you have 
prior experience with these arrays and have equip¬ 
ment for accurate measurements of the self- and 
mutual impedances of the array elements, you are 
strongly advised to avoid these closely spaced 
arrays. 

One-eighth-wavelength arrays present an interest¬ 
ing challenge and some opportunities. They offer the 
same array in much less area — and two-band opera¬ 
tion is possible. But if the height of the elements is 
1/8 wavelength at the lowest frequency, the self-im- 
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COMMUNICATIONS DIVISION 


(We Speak Your 
Language.) 

Backed by over 54 years of experience, Harvey 
continues to offer the broadest selection and finest 
service available for the amateur radio community. 
This experience has taught us that the ham needs 
special treatment and that is why Harvey has estab¬ 
lished a special division dedicated to the needs of 
the U.S. and foreign ham alike. 

One thing is for certain. A ham will never get the 
run around from Harvey. If we don't have something 
in stock, we say so and will order it for you—or—tell 
you where to get it. However, we are sincerely dedi¬ 
cated to the ham community and, as a result, our 
expansive in¬ 
ventory means 
that, more than 
likely, we will 
have what you 
are looking for 
in stock. 



Centurion 

C.E.S. 

C.D.E. 

Cushcraft 
Daiwa 
Digimax 
R.L. Drake 
Fluke 

Gotham Antennas 

Grundig 

Hal 


H.M. Electronics 
Icom 

Kantronics 
KDK 
Larsen 
MacrotroniCs 
Maggiore 
Electronic Labs 
McKay Dymek 
M.F.J. 

Midland 
J.W. Miller 
Mirage 
Wm. M. Nye 


Regency 

Santee 

Sinclair 

System One 

Trilectric 

Triplett 

Tokyo High Power 
Unidilla 
VoCom 
Weller 

W.S. Engineering 
Xcelite 



pedances are going to be quite low. The resistive 
component will be about 6 ohms — not easy to work 
with, and placing a high premium on the need for a 
low-loss groundplane. If the element length is signifi¬ 
cantly more than 1/4 wavelength at the highest fre¬ 
quency, temporary sectioning of these elements has 
to be provided so that impedance measurements can 
be made (the elements have to be electrically sepa¬ 
rable into 1/4 wavelength or shorter sections for the 
measurements). 

other possibilities 

An interesting possibility is a five-element array 
which places an additional element in the center of a 
4-square. Since this element is always occupying the 
same electrical position in the array regardless of 
beam direction it represents no increased switching 
complication. F/B ratio width can be increased over 
that of the 4-square even if -30 dB is used as the 
limiting criterion. Alternatively, if a way could be 
found to keep the "outrigger" elements from enter¬ 
ing into the act, this arrangement of elements could 
also be operated as crossed three-element in-line ar¬ 
rays. Although there would be some loss in gain, the 
tradeoff is a significant improvement in F/B depth. 

conclusion 

So much for the theoretical design. With the con¬ 
cepts and suggestions reviewed in this article, I hope 
I have given experimenters the tools and some ideas 
for selecting and siting an array. 

The next part of this series deals with self- and 
mutual impedances; how to measure them, and, 
most crucial of all, what to do with them. Until we 
know the driving-point impedances, the feed net¬ 
work design cannot proceed. 
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smart squelch 


A circuit to enhance 
voice reception 
in the presence 
of interference 

I did not plan to build a squelch. But now that the 
design is complete, I cannot find a better description. 
What I started out to do was simply to automate a 
feature that is already available on my Comm Audio 
Processor (CAP), Model 210. 1 1 have named this new 
device the smart squelch or SSB squelch, because it 
is considerably more involved than those simple sys¬ 
tems that just open an audio channel when signal 
energy becomes present in a receiver's i-f amplifier. 

Most of those who bought or built the CAP design 
soon discovered that tuning an SSB signal is easier if 
you reduce gain on the high-band side of the binaural 
audio pair and then tune until vowel and vowel-like 
sounds fill the low-band channel. Then, you just raise 
gain on the high-band again to obtain full compre¬ 
hension and clarity. The explanation is that, with 
SSB, we are forced to tune an audio bandwidth at rf 
frequencies across a fixed oscillator associated with a 
receiver's product detector until the heterodyne 
process produces audio frequencies that sound nor¬ 
mal. Tuning from one side you first get that high- 
pitched, nasal-sounding monkey chatter as the 
powerful, and relatively long, voiced energy is heter¬ 
odyned to produce higher than normal audio fre¬ 
quencies. Conversely, tuning from the other side first 
produces sort of "wush, wush" sounds, as shorter 
high-frequency transient-like sounds translate at 
lower than normal audio frequencies. Of the two, the 
high-frequency nasal sounds contain much more 
energy and seem to be the more offensive. 

Clearly, it seemed, I would have to detect only 


when the low-band binaural audio band contains sig¬ 
nal energy, and use that information to t/rr-squelch a 
normally squelched high-band channel. This would 
automate the rejection of the offensive monkey chat¬ 
ter, and in the process make tuning easier. Sounds 
simple, it is, and it works — but only when signal-to- 
noise ratio is good and noise interference is minimal. 
I wanted a system that would work in the real world 
of interference and noise. 

My design solution employs a particular set of fil¬ 
ters and a non-linear detection process that regener¬ 
ates the fundamental frequency of laryngeal voice 
sounds. This frequency is then rectified and used as 
a control signal, With this technique, much of the 
energy that would often false-trigger the squelch is 
rejected in the detection system. In effect, the 
squelch system is matched to particular aspects of 
human speech. Understanding my system requires 
some understanding of how humans speak. 

human speech 

Fig. 1 is a drawing made to simulate a voice spec¬ 
trogram. To produce such a spectrogram, a phrase 
one or two seconds long is recorded and then re¬ 
peated to give a picture showing the frequencies 
generated and a crude indication of relative ampli¬ 
tudes. Key features to note include the relative fre¬ 
quencies, the duration of various parts of speech, 
and the typical time between utterances. 

The fricative and plosive parts of speech contain 
energy starting from 1 or 2 kHz and rising to as high 
as 10 kHz or more. In our typical receiver's 3-kHz 
audio bandwidth we throw away most of this energy 
without too much loss in comprehension. But with¬ 
out some of this energy, however, words such as sat 
and fat would simply be heard as at. 

Voiced energy appears in lower-frequency regions 
of the sound spectrum (voiced speech means sounds 

By Don E. Hildreth, W6NRW, 936 Azalea 
Drive, Sunnyvale, California 94086 
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produced by vibrating the vocal cords, such as in the 
enunciation of the vowels a, e, i, o, u, or the nasals m 
or n; unvoiced sounds, such as the consonants f and 
p, are produced without the vocal cords). To get a 
feel for how voiced sounds are made, consider what 
happens when you fill a toy balloon with air and then 
let the air escape through stretched lips at the end of 
the neck (this simulates our lungs, vocal cords, and 
larynx). The sound emitted is similar to the sound 
that comes from our own vocal cords. 

Fig. 2 shows a spectrum of sound recorded right 
at the vocal cords. Fig. 3 shows what comes out 
(that is, what we actually hear) when the spectrum of 
fig. 2 is filtered through the acoustic chambers of our 
mouth and nasal passages. The areas of relative peak 
amplitude are called formants. And where the for¬ 
mants are located is determined by how you hold 
your mouth while sounding your vocal cords. 

Fig. 3 shows the detailed structure and the rela¬ 
tively accurate amplitudes for a short time interval in 
the spectogram; the abscissa of fig. 3 corresponds 
to the ordinate of fig. 1 at a point in time when the 
formants match. In man, the voiced fundamental fre¬ 
quency, indicated by the first line and separation be¬ 
tween all harmonic lines, lies mostly between 80 and 
160 Hz. The first — and most powerful — formant 
ranges from about 300 to 600 Hz. These frequencies. 


and an average 0.3-second gap between elements of 
speech (observed as average in many spectrograms) 
provide the key factors to the system's design. 

References 2 through 5 provide more information 
on speech and its production. 

system requirements 

The block diagram in fig. 4 shows everything re¬ 
quired to add the squelch system to an existing 
receiver. If you already have a CAP or something 
similar, you need only the laryngeal fundamental de¬ 
tector, timing control circuits, and solid-state switch. 

Since the binaural synthesizer has been covered in 
previous articles, a functional description will not be 
repeated. Note, however, that the binaural cross¬ 
over frequency is set at 750 Hz. This choice was 
made originally because most receivers have chosen 
this for CW band center. A very slight improvement 
would theoretically result if 600 Hz were used for the 
cross-over when using the squelch system. I could 
not hear an audible improvement, however, when 
600 Hz was tried, so the cross-over was left at 750 
Hz. Performance was quite good, however, when 
the squelch system was used with the CAP's VOICE 
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FILTER position. A description of the remaining cir¬ 
cuits follows. 

laryngeal fundamental detector 

A level sensitivity control precedes the first filter. 
That filter is designed to accept and amplify two or 
more of the voiced fundamental harmonics in the 
general frequency range of the first formant. These 
harmonics are separated by an amount equal to the 
fundamental frequency, and feeding a pair or more 
of them into a diode and load circuit will result in the 
generation of a large number of harmonics — as well 
as sum and difference frequencies. The second fil¬ 
ter/amplifier selects the difference frequency and 
rejects all others, effectively reconstituting the fun¬ 
damental voice frequency without any of its harmon¬ 
ics. This sine-wave energy is then fed to an absolute 
value circuit la full-wave rectifier). 

The result of all this is the fast appearance of a dc 
level when your receiver is tuned at — or very nearly 
at — the proper frequency for an incoming SSB sig¬ 
nal. Remaining circuitry provides a fast release of 
switch Q4. This switch keeps the high-band audio 


channel normally squelched — until tuning presents 
a normal (or nearly normal) voice signal to the detec¬ 
tor. Finally, a selectable "hang-time" is provided to 
enable the system to re-squelch quickly, or to remain 
open long enough to bridge time gaps between the 
words and phrases in normal speech, or to remain 
open somewhat longer still. 

interference rejection 

Ideally, the 300 to 600 Hz filter assembly should re¬ 
ject any audio energy outside of its bandwidth. Also, 
no single-line signal (and no dual-line signal with a 
frequency separation of more than 160 Hz within the 
300 Hz bandwidth) can produce a difference frequen¬ 
cy at the diode load output that can get through the 
80 to 160 Hz filter assembly. The system is thus 
matched to basic voice characteristics, making it 
much better at interference rejection than the first 
technique. The interference rejection is not perfect, 
however, because various combinations of other sig¬ 
nals and high noise levels will occasionally meet the 
detection requirements. When this happens the 
squelch opens, looks around for the hang-time 
period, and clamps down again. 





circuit details 


600 Hz filter, which is made up of an active staggered 
Fig. 5 shows the complete circuit with binaural pair bandpass filter driving an active two-pole high- 

synthesizer and a 2-watt audio output capability? A pass filter ' The output from this filter is fed t0 a diode 

level-setting potentiometer is connected to the low- . Write to Hjldreth Engineering P 0 B ox eooos. sunnwaie, California 

band audio channel to provide an input to the 300 to moss for pc board and kit information 
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and its load circuit. Following the non-linear process 
is an active, staggered-pair bandpass filter and an 
active, two-pole lowpass filter that provides an 80 to 
160 Hz bandpass with a steep cutoff above 160 Hz. 
The output from this filter is fed to an absolute value 
circuit, which also provides an additional voltage 
gain of 10. Transistors Q1 through Q3 provide start 
and stop timing control, and Q4 functions as a clamp. 
Zener diode CR1 restores the no-signal + 5 volt input 
from the absolute value circuit to ground reference, 
thus ensuring that CR1 is off. This, in turn, results in 
Q2 and Q4 being on, and Q3 being off. 

When a signal activates the laryngeal detector, Q1 
conducts and shuts Q2 off. The timing capacitor is 
quickly charged through RT1, which results in Q3 
being on and Q4 being off, thereby t/n-squelching 
the high-band audio channel. When an input signal 
disappears Q2 clamps, but the voltage is left high on 
the timing capacitor, C, which must now discharge 
through RT2 before Q4 can re-clamp. Three values of 
C are shown from which you can choose fast, medi¬ 
um, or slow squelch. The last switch position locks 
the squelch off. 

The power supply system uses small, totem-poled, 
5-volt regulators with a pull-down resistor to provide 
+ 10 volts and + 5 volts at signal ground for op-amp 
bias. This arrangement works well with a +15 volt 
main source. It will function down to +12.5 volts 
with some loss in available audio power. 

construction details 

This system employs a collection of relatively un¬ 
critical circuits. All filters are of low Q, which makes 
the use of 5-percent tolerance resistors and capaci¬ 
tors adequate. Paralleled trimming resistors are used 
in a few places where the calculated value falls right 
in between the normal 5-percent value. Calculated 
center frequency values are given for each bandpass 
filter — and this is the most critical factor. Center fre¬ 
quency of these elements may be "tweaked," if de¬ 
sired, by adjusting the resistance value on the resis¬ 
tor from the two capacitor and input resistor junction 


to ground. NPO ceramic capacitors and precision re¬ 
sistors are recommended only if the unit is to be used 
in extreme environments. 

operation 

It is best to first turn the squelch off and get used 
to tuning SSB signals with the normal binaural sys¬ 
tem, as indicated in the CAP article. Then, once you 
have a properly tuned signal and the squelch sensitiv¬ 
ity control all the way down, switch the squelch con¬ 
trol to FAST. This will immediately squelch the high- 
band channel. (The degree of squelch is determined 
by the resistance between the collector of Q4 and the 
high-band gain control. With R at 0 ohms you get 
maximum squelch; at 500 ohms you get 20 dB.) As 
you bring the sensitivity control up, a point will be 
reached at which the high-band audio will come on. 
Crank the control up a little higher to take care of any 
fade, then just listen for a while. Unless the speaker 
keeps up a fast monologue without pause, you will 
get an occasional squelch during pauses in speech, 
followed by an immediate squelch release as speech 
continues. 

How fast to set the hang-time is a matter of per¬ 
sonal preference and band conditions. If you are lis¬ 
tening to someone who has the habit of saying, 
"Well ... (3 or 4 seconds) ... I talked to Joe the 

other night." you may want the squelch on fast 

if there is nearby interference, so that you won't be 
bothered with that other stuff during the hesitation. 
On the other hand, if conditions are quiet, you may 
want the squelch on slow for less chop. A careful lis¬ 
tener will note that the squelch system will shave un¬ 
voiced sound if it is at the beginning of an opening 
statement. As it turns out, context saves the day and 
you just won't miss that occasional burst of noise. 

Other variables include relative gain settings on the 
binaural channels as well as your receiver's AGC time 
constant, and OFF selection in addition to the rela¬ 
tive settings of your rf and af gain controls. No doubt 
there are more. 
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TheT.E.L. Model CS-llOO 
TotalCommunicationSystem. 


AT LAST! There is a state-of-the-art CW/RTTY/ASCII 
communications system that meets the sophisticated 
operator's demands fora quality product. 


Feature 

CMOS uprocessor based 
Membrane Switch front panel 
16 chr Intelligent LED display 
Super Narrow Filters 
Built-in 110 VAC supply 
500 chr Buffer (all modes) 
Parallel Data Port 


Benefit 

No RFI problems. 
Insures reliability. 
Readable to 12 feet. 
No tuning required. 

No extras to buy 
Review received text. 
Connect to any printer 
or computer. 


CW, Operation: Send/Rev 
5-90 wpm with Automatic 
Speed Tracking, Four, 99 
chr memories with ability to 
insert text, will key any rig. 

RTTY/ASCII • Receive at 60. 

67, 75.100 wpm and 110, 300 
Baud with One Button Speed Selection. 



A 30 day unconditional guarantee and 1 year parts/labor 
warrantee assure satisfaction. Dealer inquiries invited. 

Send for a free data package and comparison sheet. 




Random Access Inc. 

PO. Box 61117 Raleigh, N.C. 27661 




alternative applications 

Fig. 6 shows two of many potential applications. 
Those who use headsets often prefer the same spec¬ 
trum in both ears. This is provided by using the cir¬ 
cuit in fig. 6A. You can also get this with speakers by 
making them coaxial. The simple application in fig. 
6B omits the SSB tuning assistance advantage, but 
may be useful in some cases. 
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glossary 

low-band - The audio band from 100 Ha nominal to 750 Hz. 
high-band - The audio band from 750 Hz to a nominal 3 kHz. 
laryngeal - Sounds produced with the human larynx, 
fricative - Speech sound generated by breath forced through a restricted 
area, such as the sounds s and v. 

plosive — Speech sounds created when the breath is expelled suddenly 
from a completely closed oral cavity, as in the sounds of p and d. 

of laryngeal sound are passed with minimal attenuation (that is. areas 
of greatest amplitude). They are seen in the dark bands of fig. 1 and 
the peaked areas of fig. 3. 

hang-time — The time period during which the squelch remains open after 

timing management - Control of rise, fall, or delay times, 
phoneme — A member of the set of the smallest units of speech that serve 
to distinguish one utterance from another in a language or dialect. 

ham radio 
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harmonic product detector 

for QRP transceivers 


A circuit that overcomes 
amplifier feedback problems 
in small QRP rigs 

Compact QRP transceivers that use a direct-con¬ 
version receiver on receive and a chain of amplifiers 
to boost a VFO signal in transmit often produce 
poor-quality transmitted signals. This is generally 
caused by insufficient decoupling or shielding in the 
amplifier chain, which permits feedback from one or 
more of the amplifiers to get into the VFO. That re¬ 
sults in instability in the form of frequency pulling, 
rough note, and the like. 

I first noticed this problem during the construction 
of a QRP transceiver similar to the unit described by 
W7EL.' Although my unit was not quite as compact 
as his it was still crowded, because my version incor¬ 



porated two bands, a keyer, and two 0.9-AH re¬ 
chargeable batteries all in a 4 x 6 x 2-inch (10.16 x 
15.24 x 5.08 cm) box. Naturally, the smaller the rig 
the worse the problem, because of the proximity of 
components and wiring. 

While trying to think of a solution to this problem, I 
recalled the old ECO (electron-coupled oscillator) of 
many years ago. The approach there was to use a 
screen grid tube like the 6F6. The grid circuit oper¬ 
ated at one-half the desired output frequency, and 
the plate circuit doubled to the output frequency. 
Even with the wide-open breadboard layout used in 
those days, the transmitted signal was quite accept¬ 
able. Feedback into the ECO grid circuit had little or 
no effect on signal quality because of the difference 
in frequency between the grid and plate circuits and 
that of the following stages. 

Adapting this concept to my two-band solid-state 
transceiver (without adding more stages) became a 
possibility when I discovered in the literature a 
unique product detector that requires oscillator injec¬ 
tion at one-half the output frequency, thereby mini¬ 
mizing the feedback problem? 

The basic harmonic back-to-back mixer (or detec¬ 
tor) is shown in fig. 1A. As explained by the author, 
V. Polyakov, RA3AEE, the diodes provide the volt¬ 
age-current characteristic shown by the dotted line in 
fig. IB. It is a symmetrical, cubical parabola, which 
can be achieved by connecting two matched diodes 
back-to-back. 

By Jack Najork, W5FG, 3728 East 85th Place, 
Tulsa, Oklahoma 74136 
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fig. 2. Improved mixer using a balanced arrangement 
plus bias via R1 and Cl. 


RA3AEE describes the operation of the detector as 
follows: "When the local oscillator voltage goes 
through zero, both diodes are open circuit and the 
circuit current vanishes. At the peaks of both positive 
and negative half-waves of this voltage, one or the 
other of the diodes conducts and the signal source is 
connected to the load. In this way the mixer works 
like a switch, closing the circuit at a frequency equal 
to twice that of the local oscillator." 

This mixer has two significant characteristics. 
First, the local oscillator must be tuned to a frequen¬ 
cy one-half that of the incoming signal. Second, 
there is no direct current in the load circuit, which 
means that signals from high-power interfering sta¬ 
tions are not detected and thus produce no noise. 
This second characteristic is true only if symmetry is 
preserved in the detector. 

The circuit has several disadvantages, namely loss 
of signal power in coupling to the local oscillator and 
excessive sensitivity to oscillator injection for opti¬ 
mum conversion gain. RA3AAE devised several revi¬ 
sions to overcome these problems (see fig. 2). A bal¬ 
anced arrangement using four diodes overcomes the 
coupling loss, and, by applying a bias voltage to the 
diodes via R1 Cl, the circuit becomes less sensitive 
to oscillator injection. 

Fig. 3 shows the final version of this detector, the 
one I used. Oscillator injection at point A should be 
adjusted by means of resistor R to achieve approxi¬ 
mately 1 volt RMS. Too low an oscillator injection 
will reduce conversion gain, but I noticed no ill 
effects from higher levels of injection. The optimum 
value of R in my case was 270 ohms, but this value 
will depend on individual circuitry. 

I used an RCA CA3019 diode 1C for the detector 
with pin connections as shown. The usual 1N914 or 
hot carrier diodes would also be suitable. The 
RA3AAE version used germanium diodes, and the 
reported optimum oscillator injection voltage for 
these was 0.6 to 0.7 volts RMS. 

My transceiver follows the basic pattern of the 
W7EL unit, shown in block form in fig. 4. The driver 




transistor, however, now becomes a doubler. There 
remains enough drive for the desired input of 2 watts 
to the final, for output on 40 or 20 meters of about 1 
watt. 

I have a 5-kW broadcast station almost in my back 
yard, and I was pleased to find that the harmonic de¬ 
tector, as claimed, was not susceptible to fundamen¬ 
tal overload. The original article also claims excellent 
isolation between oscillator and antenna. Finally, be¬ 
cause the oscillator is operating at a lower frequency, 
drift is reduced and stability enhanced. 

For those interested in the higher frequencies, see 
the article by WA0RDX on the twin-diode microwave 
mixer in ham radio, October, 1978, page 84. 
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ham radio 


TECHNIQUES 


The technical advances made in 
ham radio during the last two 
decades have been amazing. Moon- 
bounce (EME) and satellite communi¬ 
cations are now commonplace. Some 
avid operators have made DXCC via 
satellite and others have made WAC 
via moonbounce. 

On the lower frequency bands, the 
technical advances have been equally 
impressive. Solid state has sup¬ 
planted vacuum tubes up to power 
levels of several hundred watts and a 
new order of frequency control has 
been provided by digitized, fre¬ 
quency-synthesized transceivers 
using a high-stability crystal oscillator 
as master frequency control. Fre¬ 
quency synthesis with 10-Hz readout 
is practical for ham equipment and 
synthesis to 1 Hz is often used in 
commercial gear. 

So here we are in mid 1983, with all 
this great equipment that would 
make the Amateur of the sixties turn 
green with envy. But what price have 
we paid for these technical advances? 

One problem with the new gear 
that's showing up on the ham bands, 
but which has been largely ignored 
except by those affected, is that of 
white noise interference. 

White noise is uniform-spectrum. 


random noise heard as an unwanted 
signal in communications equipment. 
It is caused primarily by random mo¬ 
tion of electrons in a circuit and has 
been a well-known problem in tele¬ 
phone circuits for years. It's been 
largely overlooked in Amateur Radio 
because the signal levels encountered 
in the past were great enough so that 
white noise was not a problem — and 
also because the relatively unsophisti¬ 
cated circuits used until recently did 
not generate much white noise. That 
is no longer true. Improvement in 
receiver sensitivity, stability, and dy¬ 
namic range, coupled with frequency 
synthesis and phase-locked-loop sys¬ 
tems, has created a white noise prob¬ 
lem that is hard to ignore today. 
Here's a typical example of a white 
noise problem that was encountered 
by a good friend of mine: 

My friend Joe finally traded in his 
VFO-controlled, tube-type trans¬ 
ceiver for a brand new, solid-state, 
synthesized PLL rig. He was hugely 
pleased with its sensitivity, stability, 
dynamic range, and its frequency 
readout to 100 Hz. When his close 
friend John (who lives on the next 
block) decided to get a new rig, Joe 
encouraged him to buy a transceiver 
just like his. John did, and soon there 


were two identical transceivers on the 
air in the same neighborhood. 

Up till then the two friends had 
operated with no problems. Each ran 
about 200 watts input to a high- 
grade, tube-type transceiver, and 
when their triband beams were not 
pointed directly at each other, caus¬ 
ing receiver overload, they could both 
work the same band at the same 
time. When they worked different 
bands, neither knew the other was on 
the air. This situation had existed for 
many years. But soon both Amateurs 
were dismayed to discover that their 
brand new transceivers generated so 
much white noise hash that operation 
on the same band at the same time 
was impossible. Even operation on 
adjacent bands was marred by an S3 
background noise level from the near¬ 
by transceiver! 

Joe told me, "When my friend is 
listening on the same band I am lis¬ 
tening to, I hear a rushing noise with¬ 
in 30 kHz of where he is tuning. 
When he transmits, the white noise 
completely wipes out reception on 
that band and ruins reception on the 
adjacent bands. And my transceiver 
does the same to him!" 

The white noise problem is plagu¬ 
ing another local Amateur: Harry lives 
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about a quarter mile from another 
DXer. Both Amateurs run full power. 
Harry has a tube-type receiver and 
transmitter of the highest quality. His 
friend has a solid-state receiver and 
exciter. Harry tells me his reception is 
completely blocked out when he aims 
his beam at the other DXer's house. 
Unfortunately, that direction is the 
direct path to Europel When both are 
operating at the "low end" of 20 
meters, most DX signals below S5 or 
thereabouts are lost in the white 
noise hiss generated by the solid- 
state equipment hooked up to the 
nearby DXer's beam. For the last six 
months Harry hasn't had many Euro¬ 
pean contacts, and he is very un¬ 
happy about it. 

Disturbed by these stories, I called 
up a local ham who has a solid-state, 
synthesized hf transceiver. I ran some 
tests, listening to his equipment while 
he was both receiving and transmit¬ 
ting. The results were negative: I 
heard no white noise at all from his 
rig, which was about two miles away. 

After checking with some other 
Amateurs in the area I came to the re¬ 
luctant conclusions that little is 
known about the white noise problem 
with respect to Amateur gear, that 
the amount of noise interference gen¬ 
erated by hf gear varies between 
manufacturers from type to type, and 
even from unit to unit. One rig may 
generate a lot of white noise interfer¬ 
ence for nearby Amateurs while an¬ 
other will be relatively clear of it. No 
general conclusions can be drawn 
about individual pieces of equipment 
at this time, except that the problem 
seems to be widespread. 

Does your equipment generate 
white noise interference? Ask a 
neighborhood h am to listen on the 
skirts of your signal for the character¬ 
istic hissing sound. It may go out as 
far as 100 kHz from the carrier fre¬ 
quency. Or, if you have an auxiliary 
receiver, remove the antenna and lis¬ 
ten yourself. You may be surprised! 

I'll be interested to hear from any 
Amateurs on this subject. Let me 



fig. 1. The K5BDZ TVI filter. The capaci¬ 
tors are 20-pF variable ceramic units. 
Coils LI and L3 are forty turns No. 30. 
closewound, 1/8-inch diameter. Coil L2 
is twenty-two turns No. 30 close- 
wound. 1/8-inch diameter. 


know the type of equipment and the 
noise problem you encounter. 

I think the subject of white noise is 
best summed up by an editorial in the 
newsletter Amateur Radio Today 
which says, in part, "The question is 
not whether the hash exists, but 
rather to what degree, and whether 
or not it is bothersome . . . 

"While any unnecessary hash in a 
receiver is unwanted, we at Amateur 
Radio Today feel that the tradeoff be¬ 
tween a small amount of noise and 
having the frequency-selection flexi¬ 
bility offered by a synthesizer may be 
worthwhile. That's a judgment each 
individual will have to make." 

a thoughtful review 
of signal reporting 

The present RST system for report¬ 
ing signal strength was devised by 
Art Braaten, W2BSR, about 1934. It 
certainly has withstood the test of 
time; it is still being used nearly fifty 
years later. Old Timers will remember 
the previous QSA and R system, 
(Your sigs are QSA 5 R9), which rap¬ 
idly faded away as the RST system 
took over. 

It is apparent, however, that flaws 
are appearing in the venerable RST 
system. Sideband operators have ex¬ 
panded the system to include "deci¬ 
bels over S9" and CW operators have 
clipped the system so an RST 599 sig¬ 
nal is now 5NN. Obviously, the tech¬ 
nical advances in communications 


over the last few decades have out¬ 
stripped the system of reporting sig¬ 
nal strength. 

two solutions to 
the RST problem 

It is simple enough to add decibel 
ratings at the top end of the scale as 
the sidebanders have done. CW oper¬ 
ators could use the scheme by substi¬ 
tuting an exclamation point for each 
additional 10 dB of signal strength. 
Example: 5NNI! means 20 dB over 
599. Simple! 

But the system really breaks down 
when it comes to weak-signal report¬ 
ing. Nobody wants to give an SI or 
an SO report, and some rare DX sig¬ 
nals are really weaker than that! 

Two 1983-style solutions to the 
weak signal report have surfaced re¬ 
cently. One system is for weak-signal 
(moonbounce) VHF work, and the 
other for 75-meter DX work. Both 
bands are well known for long-dis¬ 
tance DX contacts under adverse 
conditions. 

The problems seem to arise when 
the DX signal is virtually buried in the 
noise. Listening to such a signal after 
a length of time can produce some 
queer effects on the listener. He 
imagines that he hears the DX signal 
calling him! Perhaps it is only an un¬ 
even change in the background 
noise, or merely a hunch, but the lis¬ 
tener is sure he is in QSO with the 
almost-inaudible DX station. And, by 
George, many times he is correct. 

the 80-meter 
reporting system 

Experienced DXers are well aware 
of this phenomenon. (In fact, some 
DXers can work a station when it isn't 
even there. But such a situation is 
outside the scope of this discussion.) 

The 80-meter reporting system 
(attributable to Gordon, W7FU, I be¬ 
lieve) is termed the "ESP System," 
the initials standing for extra-sensory 
perception. Signals are graded on an 
ESP scale of one to five. The scale 
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fig. 2. Construction details of the U.S. Bureau of Standards crystal radio receiver 
(1920). 


has not been standardized, as far as I 
know, the outer limits being ESP-1 
("the DX station is thinking of com¬ 
ing on the air,") to ESP-5 ("the DX 
station is inaudible but workable"). 
From all reports, the ESP system 
seems to be functioning quite well for 
both sideband and CW service on the 
lower frequency bands. I'll be happy 
to report on this exciting new aspect 
of Amateur Radio as it develops. 

the EME (moonbounce) 
reporting system 

I understand this signal reporting 


system was developed by Dave, 
K1WHS. During low-signal moon- 
bounce work hd noticed that very 
weak signals could be described as 
"musical noise," that is, noise that 
varied in tone as the receiver tuning 
dial was moved slightly. After listen¬ 
ing to an evening of such noise, try¬ 
ing to dig a signal out of the back¬ 
ground that he knew was there, Dave 
coined the term "Imagination- 
Enhanced QSO," the signal strength 
of which could be reported in IEQ 
units ranging from one to five. The 
IEQ scale has not been established 
yet, as most IEQ reports have run be¬ 


tween zero and one. Much work re¬ 
mains to be done on this interesting 
system of signal reporting, however, 
before it becomes practical. Stay 
tuned in and I'll keep you up to date 
on late developments. 

an adjustable TVI filter 
for 300-ohm line 

Bill, K5BDZ, has used an interest¬ 
ing TVI filter for a number of years 
with good success. It is the basic 
handbook filter which has been 
around for a number of years, except 
that Bill has changed the fixed capac¬ 
itors to variable ones (fig. 1). The 
filter can be made up on a piece of 
perf-board for a trial run and later 
placed in a shielded box, if desired. 
The filter is installed at the 300-ohm 
TV receiver antenna terminals, or 
close to the tuner. Simply adjust the 
trimmer capacitors for maximum TVI 
rejection. If the filter is in a box, holes 
drilled in the cover will permit adjust¬ 
ment. 

Bill has built about forty of these fil¬ 
ters and has had good luck with all of 
them. 

a construction project 
for beginners 

Shown in fig. 2 is a simple all-wave 
receiver for beginners that was de¬ 
signed by the U.S. Bureau of Stan¬ 
dards. It can be easily built in a 
wooden cigar box by even the inex¬ 
perienced. Designed about 1920, this 
venerable old circuit was featured re¬ 
cently in Practical Wireless (England). 
The magazine had this to say about 
the circuit: 

"The object is to contact the crys¬ 
tal gently with the catswhisker in the 
hope of finding a sensitive spot which 
would cause rectification of the signal 
to take place. Many gentle applica¬ 
tions were generally required before 
the spot could be found. Unfortu¬ 
nately, the slightest vibration would 
usually destroy this delicate setting, 
and the tedious business would have 
to be repeated." 

And you think you have problems? 

ham radio 


48 |Q June 1983 





10 GHz ultra stable oscillator 


Frequency stability 
of 3.0 ppm 
is yours in aGaAs FET 
microwave source 


The original work for the oscillator described in this article was for 
use as an LO in a DBS (direct broadcast satellite! downconverter. 
The frequency of oscillation is 10.76 GHz and all test data given is 
for this frequency. The 10.0 • 10.5 GHz Amateur band can also be 
easily accessed using this same oscillator. With correct selection of 
dielectric size, the same circuit can be made to oscillate from 7 to 16 
GHz. 


There are two key elements which make the appli¬ 
cation of a simple, stable microwave oscillator possi¬ 
ble. The first is the GaAs FET (gallium arsenide field 
effect transistor); the second is a temperature-stable, 
high-dielectric, low-loss material (barium tetratita- 
nate). The GaAs FET used for this oscillator is an 
ALF3000/ALF3003 and the dielectric material is type 
D8512 by Trans-Tech, Inc., Gaithersburg, Maryland. 

The superior microwave performance of GaAs 
MESFETS is well documented, and usable gains are 
now possible from dc to over 40 GHz. The Alpha 
ALF3000 GaAs FET has over 9 dB of gain available at 
10 GHz and simplifies the conditions for oscillation. It 
also has moderate power-handling capability and 
achieves + 17 dBm (50 milliwatts) of output power at 
10 GHz with an efficiency of almost 28 percent. 

Oscillator stability of better than 3 parts per million 
over a temperature range of -20 to +60 degrees C 
results from using the Trans-Tech dielectric. This 
type D8512 material has a Qu (unloaded Q) of over 
3000 at 10 GHz and is responsible for the high stabil¬ 
ity. Fig. 1 shows a rough selection of material size for 
a given aspect ratio (diameter/height ratio) versus 
frequency. Final dielectric size will depend on what 


the housing (cavity) shape is and how it affects the 
resonant frequency. 

Fig. 2 shows how the physical spacing of the die¬ 
lectric from a cavity wall varies the frequency of 
oscillation. The oscillator has a large mechanical tun¬ 
ing range and therefore a stable housing (cavity) is a 
must for maximum stability. 

A quick estimate of the frequency stability per¬ 
formance of any dielectric from barium tetratitanate 
can be obtained from knowledge of the dielectric's 
relative permittivity change with temperature. This 
constant, when divided by two (with reverse sign), is 
approximately equal to the frequency stability of the 
material impressed in a metal sandwich. A further im¬ 
provement by a factor of two is achieved when 1/8 
wave (length) of air spacing is included between the 
metal and the dielectric material. 

There is a trade-off involved in Q L , resonant fre¬ 
quency, and tuning range available in any given cavi¬ 
ty size. Frequency resonance of the dielectric goes 
up as it is brought closer to a wall and goes 
down. Smaller cavity sizes also have the same effect. 

Fig. 3. ows the quality of signal produced. Fm 
noise is extremely low and typically less than 0.1 
Hz/vTHzj at 100 kHz off carrier. 

It should be mentioned that many modes of oscil¬ 
lation are available, and care has been taken so as to 
couple only magnetically into the dominant TE01 
mode. 

In high dielectric material, the lines of magnetic 
flux are more tightly contained than in lower dielec¬ 
tric material. Fig. 4 shows a simple view of this mag¬ 
netic coupling of the dielectric material to microstrip. 

The ability to frequency modulate this oscillator is 
shown by viewing the dc supply voltage versus fre¬ 
quency characteristics in fig. 5. Also shown is the 
output power versus dc supply voltage. 

Figs. 6 and 7 show the actual circuit and PC art¬ 
work needed to reproduce this oscillator. PC board 
material is Duroid D5880, 31 mils thick, 1 /2-ounce 

By Dennis Mitchell, K8UR, 35 Mt. Pleasant 
Street, Marlboro, Massachusetts 01752 
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copper on two sides with a dielectric constant of 
2.55. This board was placed in an aluminum housing 
with conductive silver epoxy. A plated through-hole 
in the ground area at the end of the gate strip pro¬ 
vides a good ground to the gate resistor. This resistor 
is a 50-ohm chip. If this is not in your parts box, a 
1/8-watt carbon with short leads can also be made to 
work. GaAs FET devices used were in both chip and 
packaged form. In the packaged form (ALF3003) the 


Note: White the ALF 3000/3003 is no longer commercially available, many 
oilier common FETs may be used in its place. -K8UR 


gate lead was bent around the device to attach to the 
gate strip. 

The design is very forgiving and has worked even 
with such problematic components at 10 GHz as 1/8- 
watt carbon resistors. The dielectric material was 
fixed in place on the PC board with Eastman 310 
Superglue, which appeared to have no ill effects on 
performance once hardened. The circuit did not os¬ 
cillate while the glue was wet and curing, however. 

I believe that the circuit could be placed on Tef- 
Glas PC material and would perform as well. Fiber¬ 
glass G-10 material could possibly be used for a 
housing, eliminating the aluminum machined housing. 

conclusion 

This puts 10 GHz well within reach of any Amateur 
with GaAs FETs and chip caps. (Even starting with¬ 
out any of these items, cost is still under $20.) The 
LO described here could be FM'ed on transmit with a 
reasonable power (50 mW) and used as the LO for a 
receiver with an i-f offset of, say, 28-30 MHz. The 



fig. 3. Spectral frequency response of a dielectric resonator 
oscillator. 











cost is not much more than that of the FET alone, 
and it's my hope it will stimulate some 10-GHz interest. 

ham radio 
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10.7 MHz CRYSTAL FILTERS 



MICROWAVE MODULES VHF & UHF EQUIPMENTS 

Use your existing HF or 2M rig on other VHF or UHF bands. 

LOW NOISE RECEIVE CONVERTERS 



420-450 MHz MULTIBEAMS 

4B Element 701MBM4815.7 dBd $75.75 

88 Element 70/MBMB8 18.5 dBd 105.50 

144148MHz J-SLOTS 
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TRS 80 color computer for RTTY 


Using the TRS 80 
as a simple means 
of operating RTTY 

Using the TRS 80 is one of the least expensive ways 
of getting on RTTY. A computer gives you flexibility 
in speed control and the possibility of split-screen 
operation, as well as programming capability. But 
whether to write the program or buy one is a ques¬ 
tion. I decided to buy. 

After much looking, I finally located a program 
that did not cost too much yet had all the features I 
wanted. I loaded the tape into the computer and the 
TV monitor became alive with menus displaying 
Morse and RTTY commands. This was very nice, but 
all of my problems were not yet solved. 

A TU and AFSK unit had to be built if the com¬ 
puter was going to be able to accept the RTTY tones 


emanating from the receiver. I remembered a TU 
design from the December, 1980, issue of QST. It 
was an excellent design, and modifying it seemed 
quite feasible. 

Fig- 1 hows the schematic diagram as I modified 
it. I had no intention of running a TTY machine in 
series with the loop, so I deleted the optical isolator 
and the TTY driver circuit. The computer output line 
from pin 4 of connector PI is an RS232-type of out¬ 
put (plus and minus swing around ground level). The 
RS232 level must be converted to a TTL level (zero to 
plus 4-volt level) fed to pin 9 of U2. U4 is an RS232- 
to-TTL converter; U1A in conjunction with U4 
applies the correct polarity to the AFSK unit. 

Pin 2 of PI is the input line to the computer. Data 
out at pin 7 of U3 is connected to a 10-kilohm pullup 
resistor and the input of U1B. 

A comment concerning the lack of audio filtering 
at the TU input: The Exar 2211 phase-locked loop is 
actually a filter. It works well without any bandpass 
filter at the input. But an audio bandpass filter with a 
bandwidth of approximately 400 Hz, with the MARK 
and SPACE tones centered in it, should improve TU 

By Don Kadish, WIOER, 135 Barbara Road, 
Waltham, Massachusetts 02154 
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performance even more. My own receiver has a vari¬ 
able bandpass filter. I use the 400-Hz bandwidth and 
adjust the bandpass so that the tones are centered in 
the bandpass. This method is very effective with my 
older receiver, and I am sure it will be with modern 
transceivers as well. 

To adjust the demodulator, disconnect pin 4of U1A 
from pin 9 of U2. Ground pin 9 of U2 to simulate a 
MARK and connect J1 to J2. Slowly adjust the VCO 
fine tuning potentiometer until the LED lights; con¬ 
tinue turning the potentiometer, counting the turns, 
until the LED goes out. Back the potentiometer off 
one-half the number of turns counted so that the 
VCO is set to the center of the lock range. This will 
get you sufficiently close to the optimum VCO set¬ 
ting, 2210 Hz. 

Rf from the transmitter getting into the TU and 
video monitor can be a problem. I built my unit on a 
perforated copper-clad board enclosed in a shielded 
aluminum box. Be sure to bypass all power-supply 
inputs going to integrated circuits with 0.1-pF capaci¬ 
tors, as close to the power supply 1C pin as possible. 


I/O lines should be miniature coax or any other type 
of shielded cable. The channel 3 modulator output 
from the computer should also be shielded. In con¬ 
junction with this, I found that a highpass TV filter 
was needed at the tuner input of the television set. In 
cases of extreme interference aluminum foil can be 
wrapped around the sides and top of the TV set; this 
shields the highpass filter and minimizes interference 
even further. 

The end result was no discernible rf on the monitor 
screen on 80, 40, 20, and 10 meters. On 15 meters rf 
was noticeable but not objectionable; 21-MHz signal 
was probably getting into the i-f stage of the set. 

The overall performance and reliability of this unit 
plus the computer is excellent. Signals very close to 
noise level can be copied with few errors. 

reference 

1. Michael J. DiJulio, WB2BWJ, "A State-of-the-Art Terminal Unit for 
RTTY ” QST, December, 1980, page 20. 
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FORECASTER 

Garth StonehocKer, KORYW 


iast-minute forecast 

The higher-frequency bands (6-30 
meters) are expected to be best dur¬ 
ing the first and last weeks of the 
month, during periods of maximum 
solar flux. A slump may be experi¬ 
enced during the weeks in between, 
when the 10 and 15 meter bands are 
not able to support long skip, with 
only sporadic-E short-skip openings 
occurring. Try the lower frequency 
night bands: thunderstorm QRN isn't 
expected to be severe enough to 
wipe out evening and early-night DX- 
ing. Propagation disturbances are ex¬ 
pected, however, around the 8th 
through the 14th. These geomag¬ 
netic-ionospheric disturbances (weak 
and fading signals) will probably not 
be intense but will probably last 
longer than usual (five to six days). 

This year's June sunspot number is 
forecast to be only between 60 and 
70. That is a significant drop from last 
year's value of 117. There will be 
quite a restricted frequency range for 
long-skip DX, even more restricted 
than usual during the summer. A 
total eclipse of the sun will occur in 
the Southern Hemisphere on June 
11, from 0200 to 0715 UCT. The path 
begins near the Malagasy Republic, 
continues across southeast Asia, In¬ 
donesia, and Australia, to the west of 
New Zealand. Of note to moon- 
bounce enthusiasts, a full moon will 
occur on the 25th and perigee on the 
13th. And there will be a partial lunar 
eclipse on the 25th, which will be 
seen in the Americas and Australia. 
Summer solstice is June 21 at 2309 
UT. 

summertime DX 

Each season of the year, the winter 


and summer solstices, the equinoxes, 
all produce their own distinct propa¬ 
gation characteristics, which can be 
put to work for DXing. Some of these 
characteristics can be turned to ad¬ 
vantages, and some of the disadvan¬ 
tages can be circumvented. In the 
summer, the sun is more directly 
overhead in the Northern Hemi¬ 
sphere. The production of ions and 
electrons increases in the D, E (short 
skip) and lower F regions of the iono¬ 
sphere. Greater concentrations of 
ions cause higher, lowest-usable-fre¬ 
quencies (LUFs), resulting in reduced 
signal strengths during the daylight 
hours. The higher number of E-region 
ions accumulate, producing sporad¬ 
ic-E (Es) layers; the F region, then 
lacking its ions (and electrons), pro¬ 
vides the lowest maximum usable fre¬ 
quency (MUF) season of the year. 

Summer also means more hours of 
daylight available for operating the 
higher DX bands. Summer thunder¬ 
storms are caused by air-mass heat¬ 
ing because of the hot daytime tem¬ 
peratures. That makes these storms 
very different from storms caused by 
frontal passages, which occur during 
the equinoxes and in winter. There¬ 
fore QRN noise is now more common 
in the evenings and early night, after 
thunderstorms build up, and lasts 
until they dissipate. 

Good DX on the lower bands can 
occur in the evening or after local 
midnight. Try short skip, since 
greater signal strength via Es might 
be effective in overcoming QRN. Dur¬ 
ing the day, DX operation will be re¬ 
stricted to high-power transmitters 
capable of overcoming the high sig¬ 
nal absorption of skywave and for 
good ground wave propagation. If 
you choose to use the longer daylight 


hours on the higher bands, despite 
the restricted operating frequency 
range for long skip (lower MUF and 
higher LUF), the evening is best, as 
the LUF falls with the sun and the 
MUF on 20 lasts into the night. If 
you'll settle for possible short-skip 
openings on 10 or 15 meters, try mid¬ 
day local time for the highest proba¬ 
bility of openings. 

band-by-band summary 

Ten and fifteen meters should pro¬ 
vide good daytime openings to the 
southeast, south, and southwest, 
using F-region long-skip hops of 2500 
miles (4000 kilometers). Short-skip 
hops of 1200 miles (2000 kilometers) 
via sporadic-E should be possible dur¬ 
ing many days of the month in the 
above directions near local noon, and 
east and west before and after noon. 
Don't expect to find much one-hop 
trans-equatorial DX during disturbed 
periods this time of the year. 

Twenty and thirty meters will be open 
to some parts of the world for nearly 
twenty-four hours a day. If 20 isn't 
useful some nights, 30 meters prob¬ 
ably will be. Sporadic-E propagation 
will fill in the pre-sunrise dip in usable 
frequencies during many mornings to 
help make round-the-clock openings 
possible. The direction of the open¬ 
ings will be similar to those for 10 and 
15 meters, plus the northern paths in¬ 
dicated on the chart. 

Forty meters will provide the best DX 
conditions from sunset until just after 
sunrise, although static levels may be 
high at times. Watch for local storm 
passages and operate near sporadic-E 
peaks around sunrise and sunset 
(particularly at sunrise, when fewer 
thunderstorms are around). 
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NCG WORLD BAND COMMUNICATIONS 



15M 

Tesled and Proven 15 Meier Mobile Transceiver USB and 
CW 

Power-High 10 watts, Low 2 watts 

VFO Tuning. Noise Blanker 

Fine Tune ±1 kHz 

Digital Frequency Counter 

13.8 VDC@3ANeg. Ground 

9.5" L x 9"W x 2.5" H 

All this PLUS the Ireedom ol DXing 

Regular Price: $305,00 

SPECIAL PRICE: NOW $279.00 


160/10M 

ALL NEW. with the leatures you have been wailing lor 
HF 160-10 meters SOLID STATE Transceiver 200 watt PEP 
All 9 HF Bands ready to go 
AC/DC Power supply buill in 
3-Step Tuning 1 kHz/100Hz/25Hz 
4 memories, Aulo Scan 

Automatic Up/Down Tuning Advanced Systems 
Dual VFO. Solid State-Adjustment Free, IF Tuning. IF 
Offset 

Noise Blanker. Mic. Compressor 

VOX, CW Side tone. AC 120V DC 13.8 RTTY-Fax operation 

USB-LSB CW (Narrow CW tiller optional). 

Regular Price: $1075.00 

SPECIAL PRICE: NOW $949.50 


Mail Order COD 
Visa Master Charge 
Cable: NAT COLGLZ 


imc.o. co. 



1275 North Grove Street 
Anaheim, CA 92806 
(714) 630-4541 


Eighty meters during hours of dark¬ 
ness until sunrise can have DX open¬ 
ings to areas of interest. Static from 
thunderstorm activity, both long dis¬ 
tance and local, may limit working 
the rare ones when propagation is 
otherwise all right. Coastal stations 
usually have more favorable propaga¬ 
tion paths under, summer conditions 
than do inland stations. Sporadic-E 
propagation around sunrise and sun¬ 
set is good for this band also. Day¬ 
time work will be limited to within 
about 200 miles (360 kilometers). 

One-sixty-meter DX activities really 
require a lot of work this time of year. 
During hours of darkness, between 
storm-front passages, you may work 
1000 miles (1600 kilometers) if your 
ears hold up against the thunder¬ 
storm QRN. DXing in the predawn 
hours, after the thunderstorms have 
dissipated, may be the answer. 

(Unfortunately an important path "looking” 
toward the west normally exists at this time; 
thunderstorm activity might not yet have sub¬ 
sided. - EditorI 
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Your Ham Tube 
Headquarters! 



TOLL 800-221-0860 FREE 

TUBES 


3 5007 fSSttj 060 ^ »»6 

( 

TOP BRAND Papula* Receiving Tube Types 
FACTORY BOXED 75/60% OFF LIST 

FREE LIST Available 

Includes full line of RF Power Transisiors 
Minimum Order $25. 

Allow $3.00 Minimum for UPS Charges 

TUBES-BOUGHT 6 SOLD AND TRADED 

Premium Prices 

For EIMAC Tubes 


COMMUNICATIONS, Inc. 

2115 Avenue X 

Brooklyn, NY 11235 

Phone {212) 646-6300 


ACOA QUAD ANTENNA FOR 2-METERS 



• All metal (except insulators) rugged 
construction 

• Withstands any weather conditions 

• Copper radiator and reflector elements 

• Covers entire 2-meter band 

• Ready to mount on your rotor 

• Weight — 9 pounds 

• Wind surface area — 0.85 square feet 

• Dimensions— 19 x 26 x 17inches 

• Price — S159.D0 


DEALER INQUIRIES INVITED 
ANTENNA COMPANY OF AMERICA 

POST OFFICE BOX 794 
MOUNTAIN VIEW. CALIFORNIA 
94042-0794 
(408) 246-2051 
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nomogram design of 
custom resistors 

In Amateur work, it's sometimes 
necessary to fabricate a "custom¬ 
ized" resistor in order to effect a 
quick design or repair. Though the 
right part may eventually be available, 
lengths of wire (in the right sizes, of 
course) may do in a pinch. The trick is 
to choose the right size wire and the 
right length (given the composition of 
the wire) to come up with the proper 
overall resistance. The equation itself 
is fairly simple: 


where R = resistance in ohms 

p = resistivity of copper in 
ohms per 1000 feet at 20 
degrees C (from wire 
tables) 

L = length in feet 
K = the ratio of the resistivity 
of copper to the resistiv¬ 
ity of the wire's material 

The nomogram simplifies solutions 
to the equation, in that resistivities 
have been converted to AWG IB&S) 
wire sizes. Also, the resistivities of va¬ 
rious materials are given (fig. 1). 

Two scales for resistivity and resis¬ 
tance are shown. If the outer resistiv¬ 


RESISTAMCE IOHUSI 



fig. 1. Nomograph for designing custom resistors. 


ity scale is used, the outer resistance 
scale must also be used, and vice 
versa. The Length and Resistance 
scales may be changed proportion¬ 
ately. That is, if you need a range of 
the lengths of from zero to ten feet, 
the ranges of the resistances would 
also have to be reduced by a factor of 
ten — resulting in maximum resis¬ 
tances of 0.5 and 5.0. The relative re¬ 
sistivities of other materials may be 
plotted similarly. The chart also has 
usefulness in the design of control 
circuits, where the resistance of long 
runs of wire may be critical. Here's an 
example of how the chart is used: 
Problem: What length of No. 26 cop¬ 
per wire is needed to produce a resis¬ 
tance of 0.9 ohm? Solution: A line is 
drawn connecting copper on the Ma¬ 
terial scale to the proper wire size on 
the outer Resistivity scale. A second 
line is drawn from 0.9 on the outer 
Resistance scale (through the inter¬ 
section of the first line and the diago¬ 
nal), and it intercepts the Length 
scale at about 22 feet. 

James McAlister, WA5EKA 


operating the Triton IV 
on 30 meters 

The TenTec Triton IV, which fea¬ 
tures QSK, can easily be converted 
for use on the new CW band, 30 me¬ 
ters. All that’s needed is the addition 
of two switched capacitors and the 
modification of an outboard unit, the 
model 240 160-meter converter. 
Since many hams are more willing to 
work on an accessory than on a com¬ 
plex transceiver, this approach is very 
desirable. 

Triton mods first 

Remove the top cover and locate 
the bandpass filter board (No. 80291). 
Refer to the manual to find T2, the 
14-MHz bandpass filter. C7 and C8 
are within the T2 can and must be 
shunted by 56 pF of additional parallel 
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capacitance to lower the filter pass- 
band from 14 to 10 MHz. The termi¬ 
nals of C7 and C8 may be accessed 
without disturbing the can. Small 
wire-wrap wire connects C7 and C8 
to a DPST N.O. (normally open) reed 
switch (taped to the top of T1, 2, 3, 
and 4). The 56-pF capacitors are sol¬ 
dered between the reed switch and 
the ground foil of the board. The reed 
switch is externally actuated by plac- 



fig. 1. Magnet pulls in additional 56-pF 
capacitors, lowering the Triton IV 
bandpass filter to 10 MHz. 


ing a magnet on top of the unit in a 
specific location; removing the mag¬ 
net returns operation to 14 MHz. This 
is illustrated in fig. 1. 

modifying the 160 -meter 
converter 

Relay K2 must be disabled on the 
converter filter board (No. 80328). 
Normally, K2 inserts a lowpass filter 
in the transceiver output line. This is 
necessary because the 3.5-MHz band 
lowpass in the Triton itself would al¬ 
low second harmonic energy from 
160-meter operation to pass along 
with the fundamental. This filter is 
not needed for 30-meter operation 
and is eliminated by opening the 12- 
volt switched line at pin 4 of the 
80328 board. Don't be concerned 
about not having a filter in the line 
when 30 meters is being used. The in¬ 
ternal Triton output filter already does 
that job. 

Most of the work in modifying the 
model 240 is done on the mixer board 


No. 80327. Replace Y1 with a 4.0- 
MHz crystal. Inexpensive microproc¬ 
essor crystals work well. Remove C18 
and C21 from the circuit and replace 
C17 with approximately 3 to 4 pF. Re¬ 
member that C17 now conducts 10- 
MHz rf, not 1,8-MHz. Also, we're al¬ 
ready decreasing the Qof these tuned 
circuits by altering the L/C ratio. 
Consequently, only a small coupling 
capacitor is needed. Repeak C19 and 
C20 to receive signals between 10 
and 10.5 MHz with the Triton band- 
switch set for 20 meters: 10.0 corre¬ 
sponds to 14.0 on the dial. 

IC1 on the mixer board is now fed 
by a 5.0-MHz VFO and a 4.0-MHz 
crystal oscillator. T1 needs to be cen¬ 
tered at 1.0 MHz, the difference fre¬ 
quency. Remove T1 and C5, C6, and 
C7. T1 should be replaced with a 455- 
kHz i-f can from a tube-type radio, 
that is, a transformer with two high- 
impedance windings. 

Before installing the new i-f can, 
open it and determine the value of ca¬ 
pacitance. Remove this capacitor. 
The externally added capacitors will 
have approximately half the old value 
and resonate both windings of the 
transformer at 1 MHz. Some cans 
have a low-impedance tap on one 
winding or the other. The tapped 
winding becomes the output winding 
and the MIX OUT pin is fed directly 



© 


® 


fig. 2. Two methods of obtaining a mix¬ 
er output signal from the new 1-MHz 
i-f. (A) low impedance tap: (B) capaci¬ 
tive voltage divider. 


from this tap. If your new can has no 
tap, just make a voltage divider to 
feed MIX OUT: simply obtain two 
capacitors of twice the value needed 
to resonate the output winding; 
series connect these two capacitors 
and tap at the junction for the MIX 
OUT. See fig. 2. 

The desired mixer output voltage 
level is set as high as possible without 
driving the buffer transistor stage 
(80329) into distortion. Observe the 
output waveform of the buffer while 
peaking the primary and secondary of 
transformer T1. 

For normal operation of the Triton, 
leave the Model 240 panel switch in 
the 3.5-30 position. For 30-meter op¬ 
eration, turn the Model 240 switch on 
and put the magnet in place on the 
Triton top cover (or switch in the ex¬ 
tra capacitors via whatever switching 
mechanism you've chosen). For in¬ 
creased sensitivity, transformers T2 
and T3 can be rewound for narrower 
bandwidth. 

Raymond Henry, Jr., AA4LL 

using the Astro 103 as a 
frequency counter 

The Astro 103 transceiver's digital 
readout may be used as a general fre¬ 
quency counter without modifying 
the equipment. A phono jack labeled 
EXT LO on the rear panel is for con¬ 
necting an external local oscillator, to 
obtain general coverage between 1.5 
and 30 MHz. The EXT LO input cir¬ 
cuitry is shown in fig. 1. 

Because counter sensitivity is less 
than 10 millivolts, precautions must 
be taken to limit damaging voltages 
which might be applied accidentally. 
This is accomplished by assembling a 
simple, small, coaxial-line test lead to 
a phone plug, with a 10-pF, 1000-volt 
disc capacitor in series with the cen¬ 
ter conductor. This small value also 
prevents the overloading of any sen¬ 
sitive circuits being measured. 

To measure an external frequency, 
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sending CW: 

a digital approach 


A simple way 
to clean up your 
CW sending technique 

International Morse code appears to be fairly sim¬ 
ple on the surface. Many licensed Amateurs can tes¬ 
tify to having mastered it with varying degrees of 
proficiency. When compared to modern digital 
codes, Morse code is really quite complex: two dif¬ 
ferent on elements, dots and dashes, are used along 
with three different off elements to represent many 
letters, numbers, and special characters and sym¬ 
bols. Transmission speeds vary widely in a single 
transmission and dots, dashes, and spaces often be¬ 
come mashed in a stream of indecipherable informa¬ 
tion. This article details the use of digital circuits to 
accurately time and filter out-going Morse code sent 
with a straight key or other mechanical key so that 
dots and dashes are reproducible and well-timed. No 
new hand motions are required. 

Someone who has listened to the CW ham bands 
for a short time will realize there are Amateurs who 
send code poorly. You may be unpleasantly surprised 
by your own CW-sending skills if you record one of 


your contacts and replay it. The main problem in 
sending good code is shown in fig. 1. A perfect 
transmission is shown at the top, and a typical on- 
the-air transmission is shown below. Note that real 
dots and dashes vary in length and the spacing is less 
than perfect. While the human brain is capable of ad¬ 
justing for most of these changes, it is difficult to 
decipher a transmission in which dots and dashes are 
almost the same length and spaced in a semi-random 
fashion. Electronic paddle keyers, keyboards and 
computers are one answer, but they require mastery 
of new hand motions or skills and are frequently ex¬ 
pensive. Many Amateurs would like to continue 
using their mechanical keys and improve their code¬ 
sending skills. 

defining the circuit 

The problem is to design a circuit that will accu¬ 
rately time dots, dashes, and spaces so they sound 
perfect on the air. Before the circuit can be designed, 
we need to specify what it is supposed to do. First 
we define the dot:dash:space ratio as being 1:3:1, 
the standard generally accepted for good Morse 
code transmissions. While many hams use weighting 

By Jonathan Titus, KA4QVK, The Blacksburg 
Group, Inc., P.0. Box 242, Blacksburg, Virginia 
24060 
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f ig. 1. Perfect code versus real hand-sent code for CQ. 
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fig. 2. Dot and dash timing operations for the keyer 


to vary the dot.dash ratio, it is better to use a well- 
known standard. Next, the dot/dash operation must 
be defined (shown in fig. 2). There are four actions: 

A. If the key is closed for a very short time, a self- 
completing dot is generated. 

B. If the key is closed and held closed up until the 
end of a dot, the same length dot is generated. 

C. If the key is closed and held closed beyond the 
dot length, a self-completing dash is generated. 

D. If the key is held closed for a long time, only a sin¬ 
gle dash is generated. 

After each dot or dash, an off time of one dot- 
period is enforced to prevent code elements from 
being produced too tightly. If the key is activated 
during the off time, the action is remembered and 
acted upon as soon as the off time is finished. Per¬ 
fectly-timed and spaced code can be generated by 
slightly leading the actions of the circuit. 

using monostables 

A simple timing circuit can be built using monosta¬ 
bles, as shown in fig. 3. Monostable 1 is triggered by 
the key closure and generates a pulse one unit long. 
The negative-going edge of this dot pulse will trigger 
monostable 2 if the key is still pressed at this time. 
Monostable 2 generates a pulse that is two units 
long; when added to the length of the dot pulse, a 
dash pulse of three units is generated. The outputs of 
monostables 1 and 2 are gated to generate the Morse 
code output. 

The output of monostable 2 is also used to disable 
(turn off) the key input to monostable 1 so it cannot 
be re-triggered during a dash. A third monostable is 


preset for one dot-time to generate the minimum re¬ 
quired off period between dots and dashes. Mono¬ 
stable 1 is re-enabled so that the process may be re¬ 
peated at the end of a dot or dash. While this circuit 
is useful in explaining the operations we would like, it 
does have some limitations: three monostables must 
be adjusted to change the speed of transmission, and 
key closures during the off period are not recognized. 
The circuit can be made to work but is impractical. 

using a sequencer 

A more reasonable approach uses a master clock 
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to sequence through a series of code-generating and 
condition-testing steps. Only the frequency of the 
clock need be adjusted to vary the code timing. The 
circuit described here was designed using digital 
complementary metal-oxide semiconductor (CMOS) 
integrated circuits to reduce power consumption. 

As shown in fig. 4, the heart of the circuit is a 
CMOS CD4017 decimal counter/divider integrated 
circuit and a gated clock used as a sequencer. The 
CD4017 accepts input pulses at pin 14 and incre¬ 
ments an internal count by one for each pulse. Only 
one of the ten outputs can be a logic one, indicating 
the state of the counter. Thus, ten external circuits 
can be turned on and off in a regular sequence, gov¬ 
erned by the frequency of the clock signal applied to 
the CD4017. This is illustrated by the timing diagram 
in fig. 5. This sequencing circuit is used to generate 
the dot/dash/space times and to sequence various 
circuit elements that can test the key input for chang¬ 
ing on and off conditions. 

If the output of a free-running square-wave oscilla¬ 
tor is controlled with a gate as shown in fig. 6, the 
first cycle output will be of arbitrary length. All sub¬ 
sequent cycles will be of equal length. This type of 
gated waveform cannot be used for accurate timing. 
The trick is to use an oscillator that is triggered or 
started by the enabling signal. The first clock cycle 
generated by a gated clock is always the same length 
as following cycles. When such a gated clock is used 
with the CD4017 sequencer circuit, the first se¬ 
quence will be the same length as those that follow. 
The gated clock is simply a monostable that retrig¬ 
gers itself when gated on. 

The Morse-generator portion of the circuit can be 
built from the sequencer and several CD4025 three- 
input NOR gates, shown in fig. 7. The dash input 


control line determines whether or not a dash is sent. 
If DASH = 1, then a dot is sent. If DASH = 0, the 
sequence is extended and the dot is stretched into a 
dash. A dot is always sent on sequence start. 

generating a dot 

The rest state of the sequencer is a logic one at the 
0 output with logic zeros at all other outputs. This is 
the sequencer state when the gated clock is enabled. 
The first edge of the clock signal increments the in¬ 
ternal sequencer count, moving the logic one to the 1 
output. The logic one at the 1 output causes the 
lower NOR gate to output a logic zero. The sequencer 
moves the logic one to the 2 output on the next clock 
cycle and the output of the lower NOR gate goes 
back to the logic one state. This generates a logic- 
zero dot one clock cycle long. There is no other 
effect: any action through the upper NOR gates is 
blocked by the logic one on the dash control line. 
The time of the sequencer 2 output generates the off 
period (one clock cycle) at the end of each dot. Out¬ 
put 3 is the dot reset line (described in detail shortly). 
It resets the dot-generating sequence. 

generating a dash 

Let's see what happens when a logic zero on the 
dash control line allows the sequencer outputs to 
pass through the two upper NOR gates. The se- 
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quencer has been reset to 0 and the first clock pulse 
moves it to the 1 state. The output of the lower NOR 
gate goes to a logic zero once again. Since the two 
upper NOR gates are now enabled by the dash con¬ 
trol line, the logic one outputs at 2 and 3 are passed 
through the lower NOR gate to generate a logic zero 
that is present for three clock cycles. This forms a 
dash exactly three times as long as a dot. Output 4 is 
not used and this sequence time provides the off 
period at the end of each dash. Output 5 is the dash 
reset line which resets the dash-generating sequence. 

completing the circuit 

Generating the dot and dash sequences is straight¬ 
forward. Other circuits are used to detect the key clo¬ 
sure and decide whether to send a dot or to extend 
the sequence and send a dash. A series of CD4013 D- 
type flip-flops and CD4001 two-input NOR gates are 
used for this, and shown in fig. 8. 

_ The key input clocks a CD4013 flip-flop, U7A. The 
Q output from this flip-flop goes through a NOR gate 
to clock flip-flop U7B. U7B-2 turns on the gated 
clock to start the timing sequence. The Morse output 
from the sequencer/gating circuit is inverted and ap¬ 
plied to the reset input of flip-flop U7A. This clears 
U7A and holds it in the cleared state for the length of 
any Morse element (dot or dash) being generated. 


The circuit is insensitive to any keying actions while it 
is generating a dot or dash. Since the clearing signal 
is the dot or dash, it is not present during the en¬ 
forced off period and the circuit can detect another 
key closure during this time. 

Several of the sequencer outputs are used to con¬ 
trol another flip-flop, U4A, and four two-input NOR 
gates, U1. This part of the circuit determines 
whether or not to change from a dot to a dash se¬ 
quence. Here is how it works: flip-flop U4A is used to 
determine whether or not the key is still pressed at 
the end of the dot now being generated. The key in¬ 
put provides the data (D input) signal to the flip-flop 
clocked at the start of the off period following a dot. 
If the key is open (as it would be for a properly sent 
dot) the state of the flip-flop will not be changed; the 
Q output remains a logic zero and the Q a logic one. 
So, when sequencer output 3 becomes a logic one, it 
will be passed through the four NOR gates (Ut) and 
reset both the sequencer and flip-flop U7B. This ends 
the dot-generating sequence. Remember that the 0 
output is a logic one when the sequencer is reset. 

The key is held closed to send a dash. When the 
positive edge of sequencer output 2 appears, it 
clocks the key-closed condition into flip-flop U4A 
and the sequence is modified. The Q output (dash) 
from the flip-flop enables NOR gate U3B so the dash 
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fig. 9. These circuits are added for the automatic tune- 
up feature. 


sequence can be completed. The reset pulse normal¬ 
ly generated by sequencer output 3 is blocked since 
the Q output from flip-flop U4A is now a logic one. 
This means that when the sequencer completes step 
3, it will continue on to step 4 and then to step 5. The 
5 output is now fed into NOR gates U1B and U1C to 
reset the system. When the sequencer returns to its 
reset condition, the logic one from the 0 output re¬ 
sets flip-flop U4A. 

The same pulse that resets the sequencer counter/ 
divider also resets flip-flop U7B, which controls the 
gated clock, turning the clock off. Since key-sensing 
flip-flop U7A may have detected a key closure during 
the enforced off time between elements, its condi¬ 
tion must be tested and passed through to flip-flop 
U7B after the system has been reset. The sequence 
must be started again if a key closure is waiting. The 
testing operation is done by the NE555 monostable, 
U5, which is triggered by the reset pulse that clears 
the system. The pulse generated by monostable U5 
is longer than the reset pulse. This allows the circuit 
to be completely reset before any new key-closure in¬ 
formation is passed through to flip-flop U7B to re¬ 
start the Morse-generating sequences. As mentioned 
previously, this allows the circuit to detect a key clo¬ 
sure taking place during the enforced off time be¬ 
tween dot and dash elements. 

adding a tune-up circuit 

Two unused gates and an unused flip-flop exist in 
the original circuit. These have been used to form an 
automatic tune-up circuit. Many hams like to make 
quick on-the-air adjustments to their transmitter or 
antenna, using key-down tuning for this. Most elec¬ 
tronic keyer circuits use another switch or control 
function to constantly key the rig. If the keyer de¬ 
scribed here is used, you could only generate dots 
and dashes. The simple addition shown in fig, 9 
allows for constant keying. 

This circuit checks to see if you still have your key 


closed at the end of a complete dash-generating 
cycle. If you depress your key and hold it closed, the 
keyer will generate a dash, a space and then go into a 
constantly-keyed mode so you can tune your rig. Re¬ 
leasing the key resets this operation so you can send 
code normally. No added tune control is needed 
when this tune-up circuit is used. Note: keep on-the- 
air tune-ups as short as possible! A complete keyer 
unit is shown in fig. 10. 

The circuit described here follows your key opera¬ 
tions instantaneously. There is no annoying dead¬ 
time or delay between your key closure and start of 
keying. The decision as to whether or not to send a 
dash is made on the fly. If you try and send too fast 
for the speed setting, you will immediately hear the 
result from your side-tone oscillator and can adjust 
your speed accordingly. 

This circuit will generate accurately timed and 
spaced code for you and no new hand motions are 
required. Most hams take about 10 to 15 minutes to 
become accustomed to sending accurately-timed 
code with this keyer circuit. Since most of us are a bit 
inconsistent in our sending, the circuit will clean up 
the ragged edges of our code so it sounds almost 
perfect. Of course, it’s up to you to generate the re¬ 
quired spaces between characters and words. 

learning the code 

One of the reasons for designing this code-timing 
circuit was for hams to learn the sound of well-sent 
code and to learn sending good code with a straight 
key. Since you can only send code elements in the 
ratio of 1:3 with this keyer circuit, you quickly learn 
from the aural feedback whether you are sending 
good code or not. The ratio of 1:3:1 for dots, dashes 
and spaces is a bit difficult to master and this circuit 
can be used to great advantage in teaching newcomers 
the proper way to send code. 



fig. 10. The completed keyer. 
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and SAVE! 

Complete System price 
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TXA5-4 Exciler/Modulator.S89.00 ppd. 
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by Bill Orr. W6SAI 
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by Bill Orr, W6SAI 
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ible" antennas found here. Well diagramed 192 pages ©1972 

□ RP-WA Softbound $6.91 

THE RADIO AMATEUR ANTENNA HANDBOOK 

by William I. Orr. W6SAI and Stuart Cowan. W2LX 

Contains lots ol well illustrated construction projects lor vertical, long wire, 
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finishing touches 

The circuit in this article needs a key-debouncer as 
well as a transmitter keying circuit. A sidetone oscil¬ 
lator can be added if desired. The debouncer circuit 
can be a simple RC network or clocked circuit to filter 
multiple-contact closures characteristic of mechani¬ 
cal switches. A typical debounce circuit is shown in 
fig. 11. The external clock is set at about 100 Hz for 
100 ms bounces of the key. The transmitter-keying 
circuit will depend on your rig; a small reed relay with 
appropriate contact rating and transistor oscillator 
can be used. A sidetone oscillator is easy to build 
with a 555 timer. This is recommended for off-the-air 
use, particularly if you're helping someone get 
started in ham radio. 

CMOS devices in this design allow a power supply 
that provides 5 to 15 volts. I recommend using at 
least 9 volts. Most modern solid-state rigs use 12 to 
14 Vdc, quite adequate. I don't recommend plug-in 
battery eliminators as a power source unless voltage 
regulating and filtering circuits are added. 

Power consumption is low but will increase if you 
decide to add a sidetone oscillator driving a small 
speaker. When the automatic tune-up circuit is used 
with the keyer, only a speed control is needed. The 
upper sending speed may be increased by shorting 
the fixed series resistor with the Speed control in fig. 
8. The values given provide speeds in the range of 3 
to 30 words per minute. A sidetone oscillator volume 
control may be added, plus a power switch. CMOS 
circuits are fairly immune to electrical noise but a 
metal enclosure is recommended to protect the cir¬ 
cuit from RFI. 
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Because you and the 
leading radio manu¬ 
facturers want the 
best-performing, the 
best looking antenna; 
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WANTED: Schematics-Rider. Sams or other early publi¬ 
cations. Scaramella. P O Bo* 1. Woonsocket. Rl 
02895-0001 
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DIRECTION FINDER 

The SuperDF 

Inexpensive kit and assembled units for use 
with Hand-Held, Mobile, or Base Station. 
100 to 260 MH7 or 200 to 550 MH/ with 
one antenna. Non-ambiguous. No 
overloading. Use with unmodified HT, 
scanner, or transceiver. No attenuator or 
"S" meter needed. Can DF signals below 
the noise. Averages out local reflections 
while mobile-in-motion. Used by FCC, 

US Army, State of California, Coast Guard 
Aux. Prices start at $125. For details 
send SASE to; BMG Engineering, 9935 
Garibaldi Ave, Temple City, Cal, 91780 


MARYLAND: The Frederick Amateur Radio Club's 6th 
annual Hamlesi. June 19,8 AM to 4 PM. Frederick Fair- 
grounds. Admission S3.00. YLs and children tree. Tall- 
gaters $2.00 extra. Gales open lor exhibitors 8 PM. June 
18. Overnight parking welcomed. Exhibitor tables $10.00 
lor Ihe lirst. each extra $5.00. For more information: V.A. 
Simmons, KA3CVD. 7301 Pin Oak Drive. Middletown. MD 
21769. (301) 371*5735. 


NEW JERSEY: The Jersey Shore Chaverim are sponsor- 



I92j/Vesi Long^Branch, NJ 07764 by May 15. Talk in on 

NEW JERSEY: The Rariian Valley Radio Club’s 12lh 
annual Hamfesi, Saturday, June 18. Gates open 8:30 AM 
at Columbia Park, Dunellen. Sellers $3.00 each spot, no 
tables provided. Lookers $2.00 donation. Advance tick' 
ets purchased from any club member. Talk In on Club re¬ 
peater, W2QW/R 146.025/.625 and 146.52 simplex. For 
further information: Bob. KB2EF or Mary. WA2JWS (201) 
369-7038 - 10 AM to 10 PM. 


146.37/.97, 146.025/ 625. For lurther details: Ken Hering, 
WA3IJU, RFD #1. Box 381, Allenwood. PA 17810. (717) 
538-9168, 


VIRGINIA: The Ole Virginia Hams ARC s ninth annual 
Manassas Hamlesi. June 5. Prince William County Fair- 



0 0 0 
SURGE PROTECTION 
PLUS MASTER CONTROL 
for all your equipment 


NEW YORK CITY: The Hall of Science Amateur Radio 
Club's annual indoorloutdoor. rain or shine. Electronic 
Hamfesi, Sunday. June 12.9 AM to 4 PM. Municipal Park¬ 
ing Lot. 80-25 126th Street. (1 block oil Queens Blvd.) 
Kew Gardens. Oueens. Sellers donation $3.00; buyers 
$2.00; XYLs and kids free. Walk/talk in on 146.520. For In- 
formation: Tony Russo. WB20LB (212) 441-6545. John 


ONTARIO: The ninth annual Ontario Hamfest, spon- 

July 9. Mlllon Fairgrounds. For information: Burlington 
ARC. PO Box 836, Burlington. Ontario L7R 3Y7 








































TUBES, SEMICONDUCTORS, 1C 
DIODES AT SUPER LOW PRICES 
IN DEPTH INVENTORY 
EIMAC, SYLVANIA, GE, CETRON 


ground, are required lo interface the panel to 
any full duplux station, to create a very cost-ef¬ 
fective shared repeater. For more information, 
contact Ferritronics, Inc., 1319 Pine Avenue, 
Niagara Falls, New York 14301. RS#301 


antenna rotator control 


lenge of contesting. Films are available in three 
formats: 1/2-inch VHS or Beta, $75; 3/4-inch 
video cassette. $300; and 16-mm print, $425. 
The 16-mm prints are also available for rental. 
For more information, contact Peter Bizlewicz, 
1209 Pines Lake Dr. W., Wayne, New Jersey 
07470. RS#302 
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Full line of Sylvania ECG Replacement 
Semiconductors Always in Stock. 

All Major Manufacturers Eactory Boxed. 
Hard To Get Receiving Tubes At Dis¬ 
count Prices. 

Order $25.00. Allow $3.00 For 
UPS Charges. Out of Town. Please Call 
Toll Free: 800-221-5802 and Ask For 
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1950 E. Park Row Arlington, Texas 76010 

★ SPECIALIZING IN: * 

MDS Receivers & UHF Decoders 


MDS COMPLETE COMMERCIAL UNIT.$149.95 

MDS SLOTTED ARRAY ANTENNA KIT.$25.00 

MDS DOWN CONVERTER KIT.$28.50 

MDS COMPLETE POWER SUPPLY.$35.00 

‘SPECIAL NE64535 TRANSISTORS.$6.50 

UHF DECODERS: FV 3 INSTRUCTIONS.$5.00 

FV 3 BOARD $30.00 FV 3 1C CHIP KIT $35.00 

ZENITH 9-151-03 TUNER.$79.95 

DELUXE BOX.$24.95 

POWER SUPPLY KIT.$24.95 

EDGE CONNECTORS.$2.95 


SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DEXCEL 
RECEIVERS, LNA’S & CHAPARRAL P0L0R0T0RS. SEND $1.00 
FOR MORE INFORMATION. 

INFORMATION CALL 817-460-7071 ihi a 
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aOecled by moisiure ancnhe elements. Tuned by a conlrol box al Ihe operator sTposihon. M 
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• One Hole 
Panel Mount 

• Handy Logging Area 
• Spinner Handle Available 
Case: 2x 4"; shafi '/i"x3" 

$12.501 Model TC2: Skirt 2- 1 /8": 
SI3I5OI Knob 1 * 5/8 " 

^ and| >o d e,TC3:S^, /8i> 

1 




INEZ 

products 


high towers 

Towers up to 200 feet high can be construct¬ 
ed using Aluma Tower Company's all steel 
stack-up sections. Either 10- or 20-foot sec¬ 
tions are fitted with connecting hardware at 
the factory for building-block assembly on site. 
All sections are welded with diagonal cross- 
bracing for maximum strength and minimum 
wind drag. The steel stacking towers are de¬ 
signed for permanent installation for business, 
civil defense, or private communications 
needs. Aluma Tower Company also manufac¬ 
tures all-steel and aluminum telescoping 
towers which require minimum or no extra 
guying. 


I 


For more information, contact Aluma Tower 
Company, P.O. Box 2806, 1639 Old Dixie High¬ 
way, Vero Beach, Florida 32960. RS#304 


2-meter amplifier 

THL's most economical new VHF linear am¬ 
plifier, the new 30-watt HL-30V, is designed for 
use with portable 2-meter radios. The HL-30V 
is a high-quality, easy-to-use, 30-watt VHF am¬ 
plifier. it is designed to be driven to maximum 
output power with only 3 watts drive from 
handheld radios. It will take 1-5 watts drive, 
with 1 watt delivering about 10 watts output. 
This neat little amplifier is perfect for turning 
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24-hour quartz wall clock 

MFJ introduces its new 24-hour quartz-! 


EASY, FUN KIT! 

New 2 kW tuner kit from TEN-TEC ends 
constant retiming, guarantees best match, 
and saves $80! Model 4229 Only $199 

Here's the best antenna tuner in amateur radlol 
The best quality components, best design, and the best value. 

• Reversible “L" circuit guarantees best possible match and widest bandwidth—you may 
need to tune only once to cover the higher bands and only two or three times on lower 
bands. • Finest quality parts—ceramic insulators—ceramic inductor form—heavy duty 
ceramic switch with silver contacts—silver plated roller inductor—* Built-in SWR bridge 
shows ratios from 1:1 to 5:1 • Built-in 2 kw dual-range watt meter shows power levels 
from 10 to 2000 watts • Handles 2 kW PEP, 1 kW CW • Frequency range 1.8-30 MHz 
continuous coverage • Built-in balun—matches variety of antennas, balanced or unbal¬ 
anced, to 50 ohm unbalanced outputs • Built-In bypass switch • 4-position antenna selec¬ 
tor • Coax connectors plus post terminals • Lighted linear dial scale for easy tuning • Black 
finished aluminum cabinet with stainless steel bail (516"h xl2%"w xl3!4"d) • Also available 
assembled as Model 229 in slightly different styling at $279. 

See your TEN-TEC dealer or write for details: 

TEN-TEC, Inc., Highway 411 East, Sevlervllle, TN 37862. 
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Amateur Radio Today | 

x\. Mini-Magazine offering timely 
material on a professional basis for all 
active Radio Amateurs. A.R.T. is six 
full-size pages, produced bi-weekly on 
high quality stock using magazine pro¬ 
duction techniques. Money back guar¬ 
antee for your S26/yr. subscription or a 
quarterly trial (six issues) for $5. Check 
what we've covered recently: 


i CQVVW phone and cw 
I k- Cordless telephones 
watts output e” Manufa 
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new antenna 


Bilal Company has Introduced a new anten¬ 
na to its product line, the Isotron 15. Designed 
to operate on the 15-meter band, this antenna 
will give performance comparable to a full-size 
dipole in just a fraction of the space. The Iso¬ 
tron 15 will handle full legal power and has a 
bandwidth of 450 kHz, with less than 2-1 
VSWR. Center frequency is adjustable for opti¬ 
mum performance on your favorite frequency. 
The antenna weighs less than 2 pounds and is 
just 21 inches in length. The Isotron 15 can be 
mounted on any 1 -3/8 inch or smaller mast and 
in the vicinity of other Isotron antennas for a 



For more information, contact Bilal Anten¬ 
nas, Star Route 2, Eucha, Oklahoma 74342. 
RS#310 


rf wattmeter 

The new Thruline*' directional wattmeter 
model 4410 expands the usual single full-scale 
power level of its plug-in element to seven 
overlapping power ranges. 

Designed for CW and fm systems from 200 
kHz to 1000 MHz and 1 /4 watt to 10,000 watts, 
the new precision instrument uses special ele¬ 
ments providing seven levels instead of one. 
The 37-dB power range covers 1/3/10/30/ 
100/300/1000 or 10/30/100/300/1000/ 
3000/10,000 watts with ±5 percent accuracy. 
Range is selected by a front-panel rotary 
switch which also includes a battery-level posi¬ 
tion. Elements are simply rotated for either for¬ 
ward or reflected power measurement. 

Model 4410 Thruline L '' wattmeters feature 





MULTIBEAMS have a quad configuration of directors on a single boom, together 
with a slot dipole and slot reflector. This unique design delivers exceptionally 
high gain across the entire 430-450 MHz band with very low vswr. 



SPECIFICATIONS 4 f: 45c 

GAIN(dbd) 11.5 

FRONT TO BACK RATIO 18dB 

3 dB 8EAMW1DTH E45' 

BOOM LENGTH 4.V 

LONGEST ELEMENT 16.5" 

TURNING RADIUS 4.1' 

(APPROX) 

DESIGN IMPEDANCE 50 Ohm 

POWER RATING (PEAK) 1 kw P.E 

WINDLOADING AT 14.1 lbs, 


Contact one of the authorized 
dealers listed below. 

NC. COMM. CINTIR ALI S1LICTRONICS 

1-800-228-4097 (305)997-5324 


racy from 0 to 50 degrees C, 120-percent or 
range protection regardless of the selec 
switch position, and a choice of eighteen c< 
mon rf connectors interchangeable in the fie 
For additional information, contact E 
Electronic Corporation, 30303 Aurora Ro 
Cleveland (Solon). Ohio 44139. RS#311 


ITC-32TT control board 

Advanced Computer Controls is proud to in 
troduce its new ITC-32 Intelligent Touch 
Tone® Control Board. The ITC-32 addresse 
the need for TouchTone® control in Amateu 
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"HAMS SERVING HAMS” 
Lowest Prices in TVRO 
INTRODUCING 
The HAWKEYE 7.5' Dish 

.3 F/D -I piece fiberglass, 
weighs only 80 i. True polar- 
mount, buttonhook feed. 

SYSTEM PRICES 

SAT-TEK R5000.... ......$1550 

AUTO-TECH GIR 500.. $1650 

KLMSky Eye IV .$1750 

DRAKE ESR 24.... . $1850 

All packages include: 7.5‘ dish, 
Pol armount, Polarotor It 
Polarizer, 100° K IN A, 
modulator and cables. 

Other receivers available 
upon request. 

PRODELIN 10’ Dish - .37 F/D, 
8 panels, fiberglass. The 
ultimate in 4 GHZ dishes. 

SYSTEM PRICES 

DEXCELDXR 1100 


with LNC - stereo... $2350 
DRAKE ESR 24. $2094 


AUTO-TECH GLR 560. .$2360 
AUTO-TECH GLR 520. .$2165 
AUTO-TECH'GLR 500.. $1994 
LUXOR STEREO, Intra-Red 

remote control... . $2395 

UNIVERSAL COMMUNICA¬ 
TIONS 

DL2000. $1999 

All packages include 100° K 
LNA or LNC, Cables, 
Modulator, Dish, Polar- 
mount, Polatron II Polarizer. 

FOR FREE CATALOG OR 
ANYTHING IN TVRO, CALL: 
(208) 466-6727 

312 12th Avenue South 
Nampa, Idaho 83651 
WB6TOC KI7D 

1-800-654-0795 



The ITC-32 provides twenty-eight remotely 
controllable logic outputs and lour remotely 
sensed inputs. Morse code or tone encoded re¬ 
sponse messages verify command entry, and 
enable remote interrogation of output and in¬ 
put logic states. Eight of the twenty-eight out¬ 
puts are buffered for high current/high volt¬ 
age-drive capability, such as for direct relay 
drive. The other twenty outputs are TTL com¬ 
patible levels. The outputs may be commanded 
singly, or in groups, allowing a variety of con¬ 
trol possibilities, such as antenna direction, PL 
frequency, and gain controls. An additional 
command allows BCD programming for con¬ 
trol of remote base frequency synthesizers. 

The logic inputs may be interrogated, or may 

detection, over-temperature, or flood indica¬ 
tion with external sensors. Optional connection 
to our telephone interface board allows land¬ 
line control, and auto-dial out on alarm condi- 



For more information, contact Ed Ingber, 
WA6AXX, Advanced Computer Controls, 
10816 Northridge Square. Cupertino, California 
95014. RS#312 


plastic cable wrap 

The M.M. Newman Corporation introduces 
a multi-purpose plastic cable wrap that comes 
in handy packaged lengths for organizing and 
protecting wires, tubing, and hoses. M.M. 
Newman cable wrap is an expandable polyeth¬ 
ylene cable harness that snugly grips, organ¬ 
izes, and protects. It is as easy to apply as tape 
and stays in place without adhesives or glue. 

M.M. Newman cable wrap comes in three 
standard sizes: 1-3/8-inch diameter x 10-fool 
black UV resistant; a 1/4-inch diameter x 10- 
foot black; and an assortment pack of 1/8- 
inch, 1/4-inch, and 3/8-inch sizes in 5-foot 


lengths. Private labeling with two-color head¬ 
ers is also available. 

For additional information, contact M.M. 
Newman Corporation. 7 Hawkes Street, Mar¬ 
blehead, Massachusetts 01945. RS#313 


high-band and UHFRF 
amplifier 

A new line of fm RF amplifiers that increase 
the output of low-power high band or UHF 
portables and mobiles from as little as 2 watts 
to as much as 100 watts is now available from 
The Antenna Specialists Co. 

The compact, self-contained A/S RF ampli¬ 
fiers operate on 12 Vdc (negative ground) and 
are field-tunable across the range of 136-174 
MHz in high band models or 430-512 MHz in 
UHF. Six high band models accept nominal RF 
inputs of 2, 10, or 25 watts and produce a nom¬ 
inal output of 25, 50, or 100 watts. The four 
UHF models deliver a nominal 25, 50, or 80 
watt output with a nominal input of 4 watts, or 

varies depending on the frequency range and 
power output. The smallest measures only 1.56 
inches high by 3.75 inches long (including con¬ 
nectors) and is supplied with an under-dash 
mounting bracket. The medium power models 
are 6.6 inches long by 4.6 inches wide by 2.5 
inches high (including connectors) and the 
high power models are 2 inches longer; both 
have mounting flanges with four bolt holes. 

For further information, contact The Anten¬ 
na Specialists Co., 12435 Euclid Avenue, 
Cleveland, Ohio 44106. RS#314 


30-meter mobife antenna 

A new resonator has been added to the line 
of Hustler hf mobile antennas. Model RM-30 is 
designed for operation in the newly allocated 
10.100 to 10.150 MHz band when used with a 
MO-1 or MO-2 foldover mast. VSWR at reso¬ 
nance is 1.15:1 ISO kHz under 2:1), and power 
handling capability is 250 watts. 

For more information, contact Hustler, Inc., 
3275 North B Avenue, Kissimmee, Florida 
32741. RS0315 


HT conversion 

VoCom announces its new HT conversion 
system, which makes possible the conversion 
of virtually any hand-held radio to full mobile 
operation through use of the VoCom Power 
Packet. The Power Packet gives 3 watts of 
audio output power to cover road noise, and its 
unique charging system keeps your HT charged 
and ready for portable operation. Also included 
is a microphone preamp to accommodate near- 
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The Interface 



Software Available for Six computers 



Hamtext'", our new program, Is avail¬ 
able for the VIC-20 and Commodore 
64, with all the features of Hamsoff 
plus the ability to save received In¬ 
formation to disc or tape, variable 
buffer sizes, Vic printer compatibil¬ 
ity, and much more. Our combination 
of hardware and software gives you 
the system you want, with computer 
versatility, at a reasonable price. 


The versatility of the personal com¬ 
puter gives you a whole new world 
with the Kantronlcs interface " and 
Hamsoff " or Hamtext". The inter¬ 
face'" connects to any of six popular 
computers with Hamsoff or Ham- 
texf giving you the ability to send 
and receive cw/rtty/ascii. An active 
filter and ten segment LED bargraph 
make tuning fast and easy. All pro¬ 
grams, except Apple, are on program 
boards that plug directly Into the 
computer. 

Hamsoft " Features 

Split screen Display 
1026 Character Type Ahead Buffer 
10 Message Ports-255 Characters each 
status Display 
CW-ID from Keyboard 
Centronics Type Printer compatibility 
CW send/receive 5-99 WPM 
RTTY send/receive 60, 67, 75,100 WPM VIC-20 Board 


Hamsoft" Prices 

Apple Diskette 
Atari Board 
VIC-20 Board 
TRS-80C Board 
m-99 Board 
Hamtext"' Prices 


329.00 

349.95 

349.95 

359.95 

399.95 


is $84.95; matching speak- 
rf amplifiers are priced from 
iformation, contact VoCom 
ion, 65 E. Palatine Road, 
linois 60070. RS#316 


surge suppressor and noise 
filter 


ASCII send/receive no, 300 Baud 


Commodore 64 Board 399.95 




















When it comes to 

QSL s... 



CB TO TEN METER 
CONVERSION KITS 

KITS for AM—SSB— FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in¬ 
stallation with minimum time and equip- 

BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 

PRICES Low cost prices range irom 
18.00 to $50.00 

All kits are in stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 


it’s the ^ 

ONLY BOOK! 

US or Foreign Listings 

callLoolcs 


stages on both the common and differential 
modes. Suppression starts at 131-volts and re¬ 
sponds in one picosecond with an absorption 
capacity of 174.5 joules. Noise filtering is pro¬ 
vided by using inductive/capacitive series - 
parallel lowpass networks In five stages on 
both common and differential modes. Sepa¬ 
rate status lights provide, at a glance, monitor¬ 
ing of the common and differential modes. 

For more information, contact Kalglo Elec¬ 
tronics Co.. Inc., 6584 Ruch Road, E. Allen 
Township/Bethlehem, Pennsylvania 18017. 
RS#317 


44-pound generator 

WINCO, a division of Dyna Technology, 
Inc., announces the new K900 Dynamight 
Generator, which delivers 9 00 watts of ac 
power. The K900 weighs only 44 pounds and is 
UPS shippable. It features a USDA forestry- 
approved muffler for super-quiet running. In 
addition, the K900 offers automatic reset over¬ 
load protection, automatic throttle control, a 
76cc four-cycle Kawasaki engine and two 120- 
volt outlets. The K900 is manufactured in the 









































BUTTEpIMUT 
ELECTRONICS 
COMPANY 


BUTTERNUT 

ELECTRONICS 


RELIABLE MICROWAVE TV ANTENNAS 
| 2.1 to 2.6 GHz Frequency Range | 

34db System Gain (or Greater) 


Complete System (as pictured) 5 n 9.95 

Down Converter Probe Style 
(Assembled and Tested) $49.95 

Power Supply (12V to 16V DC+) 

(Assembled and Tested) $39.95 

W' PETERSON 

ELECTRONICS 

| ® 4558 Auburn Blvd. 

§7 A Sacramento, CA 95841 

(916)486-9071 

mSm SPECIAL QUANTITY 
Dealers Wanted 


New DTN1F Receiver Kit turns 
phones into control devices. 

With Teltone's TRK-956 Kit, you get all the 
parts necessary to breadboard a central 
office quality DTMF detection system for 
only $22.75. That's the lowest installed 
cost for a DTMF system. All you provide 
is 5V dc. For decoding DTMF signals from 
telephone lines, radios, and tape players, 
use the TRK-956. To order call: 

[800) 227-3800 ext 1130. 

[In CA, (800) 792-0990 ext 1130.] 

tHELICDNE* ^ 180 




energy-saving soldering 
irons 

Three new low-priced "consumer” st 


longer, and take less space than earlier wire- 
wound heating elements. Since the heaters 
were developed for industrial soldering sys¬ 
tems, the new "consumer" line has soldering 
qualities and dependability appropriate for 
electronic technicians and serious hobbyists. 

The CM-25 ($8.50), has an integral nickel- 
plated cone tip suitable for small and large con¬ 
nections. The 25-watt iron heats to 750 de¬ 
grees F. 

The 45-watt CM-45 and 80-watt CM-80 can 
use any of eleven standard Ungar screw-on 
tips, and have three-wire cords to prevent leak¬ 
age current damage. 

The CM-45 ($11.25), comes with an iron- 
plated pencil-tip point. Operating temperature 
is 700 degrees F. The large-capacity CM-80 
($17.50), comes with an iron-plated chisel tip 
and operates at 800 degrees F. 


single chip repeater control 


HM'rl 




















HAM-PAK 


Throw away your dog-eared beam 
heading chart (it you can find it.) 

Stop tearing through your old logbooks to 
see if you verified that VU7 And what 
was that coil-wmding formula again? 
HAM-PAK puts the answers at your 


• Instant retrieval of past DX confirmations 

• Instant prefix identification 

• Math formulas for radio use 


AMATEUR 

MICROWAVE 
TV ANTENNA’S 

1.9 to 2.5 GHz Frequency Range 
50 db System Gain 


Complete System (Rod Style as 

pictured. 25 db Gain) j 

PS-3.$69.95 

Complete System (Dish Style as 
pictured. 50 db Gain) 

PS-5.$109,951 

All systems 

come complete I 

with Accessory fell “1 

package of WL 1 

• Control Box ■n 1 j l 

• 60’ Coax Cable vl J I 

• Mounting - .. *■; I 

I Hardware f | 


• 90 Day Warranty ' •>' 

S.E.I. Inc. 

912 West Touhy Avenue 
Park Ridge, Illinois, 60068 
Out ol Slate Call 1-800-323-1327 
In Slate Call 312-S64-0104 


(NEW 

products 


"TEST" and "pF." The chips are equipped tt 
interface directly with PL decoders and also in 
elude a PL-enable input. 




the chip at the factnrv, the SCRC sells for 
$89.95. An optional manual — including a data 
sheet and applications information - is avail¬ 
able for $5.00. 

For more information, contact Digital Micro¬ 
systems, Inc., 607 Sudbury Street, Marlboro, 
Massachusetts 01752. RS#322 


autopatch and DTMF 
decoder modules 

Hamtronics recently released two new mod¬ 
ules to complement their line of VHF and UHF 
repeaters. The autopatch module provides full 
telephone patch and reverse autopatch func¬ 
tions for a repeater or duplex rural radio tele¬ 
phone installation. In addition, it allows both 
primary repeater control via phone line and 
secondary control via the repeater receiver; it 
also allows a control operator to monitor the 
repeater receiver by telephone even when the 
transmitter is off. The autopatch features a 
choice of either automatic answer or on-air 
tone ringing when a party calls the reverse 
patch function. It also features automatic level 





















technical forum - — 

Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers to your questions, and 
to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have a question? Send it in! 


Each month our editors will select 
the best answer received to a 
question previously posed in 
Technical Forum. We'll send the 
writer a book from our Bookstore 
as a way of saying thanks. 


noise blanker 

/ need a noise blanker circuit that 
could be used in a National HRO 500. 
Any suggestions? — Bill Blackwell, 
K8L0 

pacemakers and rfi 

Some time ago I saw an article 
about the very poor shielding of pace¬ 
maker devices used to regulate the 
heartbeat. It was written by a doctor 
in Dallas, and it should have scared 
any Amateur who has had a pace¬ 
maker installed. I have no idea how 
many, if any, hams have died be¬ 
cause of rf getting inside a pace¬ 
maker, but recently in the cardiac 
section of a local hospital I was dis¬ 
turbed to overhear a conversation be¬ 
tween a pacemaker recipient (an 
Amateur) and his doctor. The doctor 
did not know what my Amateur 
friend was talking about when he 
asked about the effects of rfi on the 
pacemaker, nor did he understand 
the problem when it was explained. 

Here in Florida there are probably 
more retired hams with heart prob¬ 
lems than anywhere else, yet I have 
been unable to find out how many 
have died as a result of pacer failures 
caused by rf, nor have I been able to 
obtain specs on any of these devices. 
As I understand it, the pacemaker is 
simply a device that emits a con¬ 
trolled pulse to the heart. 

Do any of the readers of ham radio 
have any information on this impor¬ 
tant question? — Edwin M. Hollis, 
K4CN. 


making verticals quieter 

Bill Orr's article on vertical versus 
dipole antennas in the October, 1982, 
issue of ham radio verified what those 
of us who have used both types of 
antennas have found in their perform¬ 
ance. The noisy vertical antenna can 
be quieted, however, without chang¬ 
ing or modifying the vertical antenna 
in anyway. 

In order to "tame" a vertical, one 
technique employs a transformer at 
the feed point of the vertical. My first 
experience was with a simple quarter- 
wave vertical designed for 40 meters, 
transformer was connected as a 1:1 
ratio transformer (fig. 1). The same 
The transformer consisted of eleven 
bifilar turns wound on the core sup¬ 
plied for an Amidon balun kit. The 
transformer can be used to match a 


200-ohm load by connecting the 
windings as in fig. 2. 

I used this configuration on a non- 
resonant antenna I built. Since this 
antenna has about a 200-ohm impe¬ 
dance, I used a 4:1 ratio transformer 
to bring it down to 50 ohms. 

Ace Collins, K6VV, suggested this 
idea a few years ago when he was do¬ 
ing some experimental work on 
ground-independent antennas. The 
first time I tried it I thought my feed 
line was not connected, the antenna 
was so quiet! I pass this suggestion 
along for what it may be worth to 
those who favor vertical antennas be¬ 
cause of their low radiation angle, 
omnidirectional characteristics, or the 
space limitations of small city lots. — 
Robert L. Crawford, WA6RYZ. 

ham radio 
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briefcase Bobtail 

Dear HR: 

Just a few comments in regards to 
W6BCX's article on the Bobtail cur¬ 
tain featured in the February and 
March issues of ham radio. 

I received word just four days be¬ 
fore departure for Haiti that I had a li¬ 
cense waiting for me. What to do 
about an antenna for 20 meters? I had 
just reviewed the few paragraphs on 
the Bobtail curtain in the ARRL An¬ 
tenna Book when W6BCX's timely 
article came along. This was enough 
for me to make preparations to build 
such an array. 

During the last couple of days be¬ 
fore I was to leave, I built up a parallel 
tuned network consisting of a 70 pF 
variable capacitor and 12 turns of No. 
14 wire spaced 1 inch apart. Ten 
turns tapped one turn up from cold 
end and about 3/4 maximum capac¬ 
ity gave a perfect match into 2000 
ohms. So with a roll of No. 18 cop- 
perweld wire, some insulators made 
from 1/2x2 inch pieces of 1/4 inch 
phenolic, my Swan dual meter SWR 
bridge, the parallel tuned network 
built into a 4-1/2 x 5 x 2-1/2 inch 
aluminum box and a few short 
lengths of RG-58 stuffed into my 
briefcase, I was off. Destination, 120 
miles west of Port au Prince in the 
mountains of the panhandle of west¬ 
ern Haiti. 

It took me, with help from my son, 
about 20 minutes to build the anten¬ 
na. Twenty feet of bamboo put the 
northeast leg 24 inches above the 


new galvanized metal roof of his car¬ 
port. The center leg also was 24 
inches above the metal of the back 
porch roof and just six feet above my 
proposed operating position. The 
southwest leg was about three feet 
from the ground on a sloping hillside 
of about 45 degrees. 

Results were outstanding. From 
deep in a mountain valley, with a 
ridge all across the north from east to 
west, 300 to 500 feet higher and a 
quarter to half a mile away, I worked 
all areas of the United States. I re¬ 
ceived 59+ reports from my home 
country of northwest Wyoming and 
southern Montana and 59 + 20 from 
the Denver area. The rig was 
HH2DR's TS520, sometimes oper¬ 
ating on battery power. I worked a 
CN8 off the northeast end of the an¬ 
tenna just before the ARRL DX con¬ 
test and had an OE6 and an HA6 call 
me during the contest even though I 
was not contesting. They gave me 55 
to 57 reports. I probably had some 
distortion of the signal because of the 
large mango trees near both end ele¬ 
ments. Compared to the 2-element 
quad of HH6BG located just 100 
yards north, whom I had worked 
quite a few times from my home 
QTH, it was 2 to 4 S-units better. It 
was not the fault of the quad but in¬ 
stead of its location. The mountain 
hillside is 200-300 feet higher, begins 
50 feet directly in front of the quad 
and at a 45 degree angle. 

I brought the antenna home and 
will be using it on Field Day. By fall I 


hope to have a 40 meter version up 
and aimed at Europe and the South 
Pacific. I'm looking forward to some 
good 40 meter DX next winter. A 
match for my 20 meter 5-element log- 
Yagi at 70 feet it is not, but truly a 
fine, easy-to-pack antenna with gain 
broadside and rejection off the ends. 

Thanks to W6BCX for his research. 

Paul M. Rich, WA7BPO 
Cody, Wyoming 


power supply 

Dear HR: 

In the March, 1983, article "Dual 
Voltage Power Supply," the LM317 
could be replaced with a 723-type 
regulator 1C realizing the following 
benefits: lower cost, current limiting 
features, and, what I view as the 
most important improvement over 
any LM317 series pass transistor de¬ 
sign, improved voltage regulation. An 
additional benefit could be improved 
ripple rejection. 

The only drawback is an increase in 
circuit complexity required to accom¬ 
modate the feedback and the internal 
voltage reference. The 723 has 
enough output current to drive the 
existing pass transistor. The 723 is 
available at Radio Shack with re¬ 
quired specs and circuits for about 89 
cents. 

Peter J. Schuch, WB2UAQ 
Little Ferry, New Jersey 

noise figure data 

Dear HR: 

I was rather surprised at some of 
the noise figure data presented by 
Dennis Mitchell, K8UR, in the article 
"GaAs FET Performance Evaluation 
and Preamplifier Application" in ham 
radio's March issue, and I would like 
to present some additional informa¬ 
tion regarding the performance of the 
Mitsubishi devices tested by Mr. Mit¬ 
chell. 

At the 1982 meeting of the Central 
States VHF Society, at Baton Rouge, 
Louisiana, there was a preamplifier 
noise figure competition. These tests 
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were conducted with the current 
Hewlett-Packard programmable 
automatic noise figure meter with 
matching noise head. The results, 
however, departed significantly from 
the figures quoted in the article, par¬ 
ticularly for the MGF-1200s. 

Here are some of the results: 

noise 

device tdB) frequency 

MGF-1200 0.27 144 

MGF-1200 0.42 144 

MGF-1402 0.42 144 

MGF‘1200 0.48 144 

MGF-1200 0.38 220 

MGF-1402 0.39 220 

MGF-1402 0.45 220 

MGF-1200 0.47 220 

MGF-1402 0.49 220 

MGF-1402 0.40 432 

MGF-1402 0.58 432 

The Central States VHF Society re¬ 
sults were significantly better than 
those of the author for the MGF-1200 
at 144 MHz. Assuming that Mr. Mit¬ 
chell presented median noise figure 
values in his article, then the figures 
presented above are at least 0.1 dB 
better in the worst case, taking the 
stated ±0.23 dB root-sum of squares 
uncertainty into account, in the best 
case for the MGF-1200 at 144 MHz 
the deviation from the author's noise 
figure is 0.3 dB I 

The figures for the MGF-1402 are 
included to show that this device 
seems to reach a plateau at 432 MHz, 
and is not really a cost effective de¬ 
vice at 144 MHz, with most GaAs FET 
users preferring the MGF-1200 or 
other similarly priced device at lower 
frequencies. Finally, the price struc¬ 
ture that is mentioned in the article is 
about one year out of date, with the 
MGF-1200 currently selling for 
around $10, rather than the $15 indi¬ 
cated, and the MGF-1402 available 
for $15 or less, as opposed to $30. 

From my experience, anyone using 
the MGF-1200 at 144 MHz should ex¬ 
pect, and get, substantially better re¬ 
sults than those indicated by Mr. Mit¬ 
chell, in terms of noise figure attain¬ 
able. 

JackC. Parker, KC0W 
Bismarck, North Dakota 


DESIGN EVOLUTION 



• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) 

• Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet¬ 
ter IMD). Device NF typically .5 dB. 

• Thermal shutdown protection 
porated 

• Remote control available 

• Rugged components and construc¬ 
tion provide for superior product 
quality and performance 

• Affordably priced offering the best 
performance per dollar 

• Designed to ICAS ratings, meets FCC 
part 90 regulations 

• 1 year transistors warranty 

• Add $5 for shipping and handling 
(Cont. U.S.). Calif, residents add ap¬ 
plicable sales tax. 

• Specifications/price subject to change 


1. Models with G suffix have GaAs 
FET preamps. Non-G suffix units 
have no preamp. 

2. Covers full amateur band. 

*SEND FOR FURTHER INFORMATION * 

_ TE SYSTEMS 

I « I P.O.Box 25845 
BY8TEMB Los An 9 eles - CA 90025 


UHF DECODER 
FREE IC-CHIPS 

WITH PURCHASE OF FV-3 COMPONENTS 
WHICH CONSIST OF: 

• FV-3 BOARD 

• INSTRUCTION MANUAL 

• BOX TO HOUSE IT IN 

• POWER SUPPLY 

• EDGE CONNECTORS 

• TUNER 

FOR ONLY $190 00 

LIMITED TIME ONLY! 

CALL NOW FOR YOUR ORDER: 
1 - 800 - 433-5169 

FOR INFORMATION CALL: 817-460-7071 

P B RADIO SERVICE 

1950 EAST PARK ROW DRIVE 
ARLINGTON, TX 76010 

WE HONOR VISA AND MASTERCARD s m 


July 1983 GS 13 





Amateur packet radio: 

part 1 


The history and operation 
of packet radio are examined 
along with its requirements 
for software and hardware 

Imagine sitting down in front of your station for an 
evening. You get out your 2-meter fm transceiver, 
attach it to a cable coming from an 8 x 8 x 3-inch 
“black box" connected to your data terminal. After 
turning everything on and initiating a short dialog be¬ 
tween the terminal and the box, you enter a friend's 
call letters. After a short pause you see: 

***CONNECTED to (callsign) 

on your terminal. From this point on, everything you 
type appears on your friend's terminal, and every¬ 
thing he types appears on yours. Your friend could 
be within simplex range, or within voice repeater dis¬ 
tance, or accessible only via a series of linking sta¬ 
tions. In fact, you might need a satellite link to talk to 
your friend! 

He asks, "Would you like a copy of my latest pro¬ 
gram for playing 'Escape The Maze'?" 

"Sure, " you reply, "only my compiler can't handle 
your gigantic programs. Why don't you just send me 
a dump of the machine language (binary) program?" 


"No problem. Let me know when you're ready," 
he sends back. 

You go over to your home computer, power it up, 
load your communications program, connect it to 
the box instead of the terminal, and type, "OK, let 'er 
rip." 

Then you start your file-loading program and wait. 
Soon, binary data begins arriving from your friend at 
slightly less than 120 bytes of data per second. You 
sit back relaxed, knowing that even though the QSO 
is being held under noisy conditions, with occasional 
QRM breaking through, you won't receive a single 
bit incorrectly. 

After the program has been stored away, you re¬ 
sume your conversation. It is almost boringly error- 
free, and with the speaker disconnected from your 
radio you don't even hear the QSO, which is being 
periodically interrupted by the automatic identifica¬ 
tion of both stations in CW. Later on you try out the 
new program and, sure enough, find you've received 
the whole thing perfectly. 

Does this sound like magic? It shouldn't — it's 
happening right now with packet radio. 

Packet radio promises to open new worlds of 
communications undreamed of just a few years ago 
by making possible the rapid transfer of digital infor¬ 
mation over great distances — with a virtual guaran¬ 
tee of integrity down to the last bit. This is tremen- 

By Margaret Morrison, KV7D, and Dan 
Morrison, KV7B, 4301 E. Holmes, Tucson, 
Arizona 85711 
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dously attractive. Not only can traffic be exchanged 
between hams equipped with data terminals, but just 
as easily between a ham and a computer, or between 
two computers. 

Let's look first at what a packet is and then at the 
history of packet communications and the kind of 
hardware and software packet radio requires. We will 
use the two most familiar systems to serve as exam¬ 
ples, although others are in use as well. These two 
are the VADCG (Vancouver Amateur Digital Com¬ 
munications Group) system and the TAPR (Tucson 
Amateur Packet Radio) system. 

what is a packet? 

Packet radio is a relatively new form of digital com¬ 
munications. It has some characteristics in common 
with older forms, such as ASCII and RTTY, now 
both familiar to the Amateur community. In all of 
these modes information is coded in binary form, 
that is, as a series of Is and Os. The information is 
translated into an audio signal consisting of alterna¬ 
tions between two tones, and the audio signal then 
used to modulate an rf signal to produce an FSK or 
AFSK transmission. 

In an ASCII or RTTY system, the transmission typ¬ 
ically consists of a sequence of individual characters 
separated by periods of unmodulated carrier trans¬ 
mission. In order for the receiving station to interpret 
the characters correctly, extra transitions are added 
at the beginning and end of each character (start and 
stop bits). Depending on reception conditions, any¬ 
where from all the information to virtually none of it 
may be received correctly; what's not received cor¬ 
rectly may be garbled or missed completely. 

A packet consists of binary data (which might be 
ASCII, Baudot, or some other code), and the modu¬ 
lation techniques may be essentially the same as for 
conventional ASCII or RTTY, although the exact in¬ 
terpretation of the tones may be different. The VADCG 
and TAPR TNCs produce AFSK, but more sophisti¬ 
cated schemes are being developed. (The TNC, or 
terminal node controller, is the "black box" referred 
to in the introduction to this article. It is a complete 
microcomputer-based communications system with 
a good-sized memory, 30 kilobytes in the case of the 
TAPR TNC. It does all the work involved in sending 
and receiving packets). 

In a packet, the individual characters, or bytes, are 
run together with no space at all between. This elimi¬ 
nates the need for both the start and stop bits as well 
as the dead time between characters. The result is 
much more efficient information transfer. The analog 
of start and stop bits are sent only for the beginning 
and end of the packet, and the transmitter is keyed 
only while information is actually being sent. 


Extra information is inserted into each packet that 
enables the receiving station to determine automati¬ 
cally whether the packet was received without error. 
Thus every correctly received transmission is ack¬ 
nowledged. The sending station can keep retransmit¬ 
ting its information until it is assured that it has 
gotten through. Other features of the packet which 
facilitate this "handshaking" are described later. 

history of packet radio 

Packet switching is a technology that was devel¬ 
oped to tie computer users into a network which 
could extend over a wide area. It has been used for 
many years over common carrier lines, both com¬ 
mercially and by government. The first large-scale 
packet network in North America was ARPANET, 
set up in 1969 by Bolt Beranek and Newman, Inc., 
for the Defense Advanced Research Projects Agen¬ 
cy. This network introduced packet switching, in 
which each message sent is broken up into small 
packets and each is switched to its destination over 
the quickest communications path available at that 
instant. Data interconnections are typically 50-kilo- 
bit-per-second wideband lines, and the packets are 
passed from node to node until they arrive at their 
destination. Typical end-to-end times are 250 milli¬ 
seconds, and receipt of data is acknowledged. 

Other networks around the world soon began 
operation, and today there are many government 
and commercial computer networks, such as 
TYMNET and TELENET, which allow users all over 
the country to access thousands of computers 
remotely.' 

Packet radio experiments began in the 1970s. One 
of the largest packet radio systems, based at the Uni¬ 
versity of Hawaii and known as the ALOHANET, 
linked together a number of computers and users, 
and also provided access into ARPANET and satellite 
links. 2 Other systems were developed for the purpose 
of providing distributed automatic digital communi¬ 
cations for remote sensing stations. 

Packet switching networks (both wire and radio 
based) generally use one of two methods for routing 
packets from the originating station, through inter¬ 
mediaries, to the destination. In one system used by 
TYMNET and others, a central controller determines 
the optimum path for a particular pair of stations on 
the basis of the stations present in the network at any 
time. In the other system, the network itself is intelli¬ 
gent and determines the routing between stations. 
This is the system that was pioneered by ARPANET. 

North American Amateurs first entered the picture 
in Canada, where, beginning in 1978, the Depart¬ 
ment of Communications encouraged the use of 
packet radio by permitting Amateur packet transmis- 
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sions and by giving exclusive use of 221 to 223 MHz 
and 433 to 434 MHz to packet and digital transmis¬ 
sions. Taking advantage of this ruling, VADCG, a 
group in Vancouver, British Columbia, designed the 
first well-known Amateur packet radio TNC, and 
soon TNCs became widely distributed. 3 Their use in 
the U.S. followed a rule by the FCC making such 
ASCII transmissions legal in March of 1980. Finally, 
in October of 1982, the FCC revised Part 97.69, lifting 
many restrictions on digital communications and ad¬ 
vanced data transmission. Today many experimen¬ 
ters using the VADCG TNC, the TAPR TNC, and 
homebrew systems are hard at work, developing this 
new mode of communications. 

anatomy of a packet 

The basic element in packet radio is the frame — a 
string of bits with a specific format. The bits are pre¬ 
sented to the transmitter on a modulator output line. 
In the case of the TAPR and VADCG TNCs, the 
modulation system uses 1200-Hz and 2200-Hz tones 
and coherent (phase-continuous) FSK, with a data 
rate of up to 1200 bits per second; it is compatible 
with the Bell 202 standard modem. Other modulation 
systems being developed for Amateur use include 
minimum shift keying (MSK), and various forms of 
phase shift keying (PSK). These schemes, which are 
more efficient than ordinary FSK, are useful for long- 
haul traffic, especially via satellite. 4 

The FSK signal is related to the bit stream accord¬ 
ing to specific digital encoding rules. The most com¬ 
monly used system is non return to zero inverted 
(NRZI) encoding. In this system, a transition from 
one tone to the other is interpreted as a 0, whereas 
no transition during the bit period is a 1. Such a 
method is used because, according to the rules by 
which the frame is constructed, a transition is guar¬ 
anteed at least once in every five bit periods. This is 
needed to keep the receiving station in "sync" with 
the incoming data. 

The actual structure of the frame varies from one 
packet radio system to another. The structure makes 
possible, among other things, the delivery of the 
message to the proper recipient and a system for en¬ 
suring data integrity. The most frequently encoun¬ 
tered format for frames is known as HDLC, or High 
Level Data Link Control. Each HDLC frame consists 
of six fields, as shown in fig. 1. 

In order of transmission, FLAG1 is first. It is at 
least eight bits long, consisting of the bit pattern 
01111110. This particular combination is unique to 
FLAG1 and FLAG2, and appears nowhere else in the 
frame. Part of the transmitting station's job is to alter 
the message content of the frame to prevent this 
combination from appearing elsewhere (a process 



fig. 1. Schematic representation of an HDLC frame. 


known as bit-stuffing). This alteration is, of course, 
undone by the receiving station. FLAG1 (which may 
be repeated several times before the rest of the frame 
is sent) says, "Get ready! Here comes a frame!" 

The ADDR (address) field varies among the vari¬ 
ous packet radio systems developed in the Amateur 
community. HDLC requires only that it be at least 
one byte long. It typically contains the source ad¬ 
dress, and may contain the destination address and 
perhaps routing information. The address field con¬ 
tains the information which permits delivery of the 
packet. 

The CONTROL field also varies among systems. 
The length of this field specified by HDLC is one or 
two bytes. The information contained in this field 
typically includes acknowledgment information for 
previous packets successfully received; an indication 
that the sender would like to begin talking (connect) 
to the destination station; a request to terminate the 
conversation (disconnect); or other "supervisory" 
functions, such as requests to stop transmitting or to 
resume transmitting (referred to as flow control). 

The DATA field consists of zero or more bytes of 
information (zero in the case of simple acknowledg¬ 
ments, for example). They may be in any bit pattern 
— ASCII characters, part of a binary program, you 
name it. (The FCC, however, would like you to have 
available enough information so they can decipher 
your data!) The HDLC standard requires that when 
five consecutive Is appear a 0 be inserted. This is the 
bit-stuffing mentioned above. It prevents data from 
being mistaken for flags, and also ensures frequent 
tone transitions if NRZI encoding is used. Upon re¬ 
ception, these extra 0s are discarded. Typically, the 
maximum data length is 128 to 256 bytes. 

The last item in the frame prior to the ending flag 
bits is the FCS, or frame check sequence, an ex¬ 
tremely important two-byte number computed by 
the transmitting station based on all the bits in the 
frame following FLAG1. If the frame is received in 
garbled condition it is extremely unlikely that it would 
be garbled in such a way as to produce the same 
FCS. The FCS is separately computed by the receiv¬ 
ing station and, if both numbers agree, there is vir¬ 
tual certainty that the frame was received as sent. 

Finally, the frame ends with another byte of flag 
fi.eld, thus indicating to the receiving station that the 
previous two bytes were indeed the FCS. 
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protocols 

What we have described is not yet truly packet 
radio. It could be called "frame radio," the exchange 
of frames of information. The protocol, in addition to 
specifying the structure of the frame, determines the 
contents of the ADDRESS, CONTROL, and possibly 
the DATA fields. It also determines action to be 
taken in various situations. For example, just exactly 
what should be done if the first, second, and fourth 
frames received in a single transmission check out, 
but the third does not? Or, what should be done if 
the other station suddenly stops responding? The list 
of "what-ifs" increases rapidly as other users join the 
frequency. 

The interchange of packets results in communica¬ 
tions between the participating stations on more 
than one level. The ISO, International Standards 
Organization, has defined a model network structure 
consisting of seven "layers." The first three, levels 1, 
2, and 3, are concerned with communications and 
are the ones of interest to us. Each consists of a set 
of related tasks which would ordinarily be handled by 
correspondingly related processes (electrical or soft¬ 
ware). The ISO layer structure does not define the 
specific protocol to be followed to accomplish the 
tasks of any level, and the operation of each level 
should be independent of how lower-level tasks are 
performed. 5 

Furthermore, each layer is "transparent" to the 
levels above it. This means, for example, that infor¬ 
mation used to direct actions by a level 3 process is 
treated as data by the level 2 process. A packet is 
structured like an onion. Each process peels off the 
applicable control information before passing the re¬ 
mainder to the next higher level. 

The bottom layer is called the physical layer. It is 
concerned with such things as modulation and trans¬ 
mission techniques, signaling the beginning and end 
of packets, bit-stuffing, and maintaining synchroni¬ 
zation with the incoming data stream. The second 
level, or data link layer, defines the use made of the 
address, control, and FCS fields of the packet. Level 
2 is responsible for setting up and maintaining a con¬ 
nection or data link with the other station. This in¬ 
cludes verifying data integrity, acknowledging receipt 
of intact frames, retransmitting unacknowledged 
frames, and performing various link control func¬ 
tions. The third level, the network layer, defines rout¬ 
ing functions and inter-network communication. 
Level 3 is concerned with setting up and maintaining 
routing tables for communication between stations 
which are not in direct contact. Amateur packet 
radio has implemented some level 3 functions but not 
all. 

An additional set of rules, a collision avoidance 


protocol, is necessary for packet radio but not for 
communications over wires. Since stations cannot 
receive at the same time they are transmitting, "colli¬ 
sions" occur when two or more stations transmit 
simultaneously. A Scheme for avoiding repeated col¬ 
lisions must ensure different retransmission times 
after an initial transmission has failed. If all stations 
can hear each other, as is the case when all transmis¬ 
sions are made on the same frequency and all sta¬ 
tions are close together, all that is needed is to 
impose a short random wait time for stations retrans¬ 
mitting a packet. If a central controller (or a satellite) 
transmits on one frequency and listens for all other 
transmissions on another frequency, a more elabo¬ 
rate scheme is required. 

The HDLC frame structure described above is im¬ 
posed on levels 1 and 2 of all protocols implemented 
so far for Amateur packet radio, and both the VADCG 
and TAPR TNCs use LSI chips that perform many of 
the level 1 and 2 tasks. The two most widely used 
protocols, VADCG and AX.25, are thus functionally 
equivalent on level 1 and quite similar on level 2. 6 7 
AX.25 is modeled on X.25, a standard developed by 
the Consultative Committee for International Tele¬ 
graph and Telephone (CCITT! of the ITU 8 . AX.25 
was put forward by a group of Amateurs at the AM- 
SAT packet conference in October of 1982. AX.25 
specifies the address as containing Amateur call 
signs of both the sending and receiving stations, with 
optional routing information in the form of the call 
signs of stations requested to relay, or digipeat, the 
packet. The VADCG address field contains a numeric 
address of the sending station only; packets setting 
up the connection: contain call sign information in the 
data field. Relay by an unspecified digipeater can be 
requested. The control functions implemented in 
AX.25 are summarized in table 1. Most control func- 


table 1. Level 2control functions. 

RR Receive ready: acknowledge receipt of informa¬ 
tion frames by specifying the sequence number of 
the last packet received. 

RNR Receive not ready: request to stop sending 
(receive buffers full). 

REJ Request retransmission of missed frames after 
receipt of a frame number larger than expected. 

DM Disconnected mode: response to a packet other 
than a connect request. 

SABM Set asynchronous balanced mode. This is a con¬ 
nect request. 

DISC Disconnect request. 

UA Unsequenced acknowledgment: sent in response 
to a connect or disconnect request. 

FRMR Reports an abnormal condition; that is, receipt of 
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tions can be performed by a packet which also trans¬ 
mits data. Fewer level 2 control functions are speci¬ 
fied in the VADCG protocol. 

implementation 

If you have a home computer, you are probably 
wondering where you can get a packet radio pro¬ 
gram for it. You may even be thinking about writing 
one yourself. The only hitch here is that you need 
more than a program. At a minimum, you need some 
hardware to enable the computer to control the radio 
push-to-talk line, put signals into the microphone in¬ 
put, and interpret signals on the speaker output. 
Specialized hardware, such as an HDLC controller, is 
very desirable. This hardware must be able to gener¬ 
ate interrupt requests to the computer. The program 
itself should take care of the input and output re¬ 
quirements of both the radio and the terminal 
through interrupt processing. You can’t afford to 
miss part of an incoming packet because you got 
busy parsing a line from the terminal! This means 
that the program probably has to be written at least 
partly in assembly language. Interpreted languages, 
such as BASIC, are commonly used on small com¬ 
puters, but they are neither fast enough nor versatile 
enough for real-time programming of this kind. 
These obstacles are not insurmountable, and in fact 
many hams have been successfully running packet 
radio programs on various home computers. 

There are disadvantages with this approach, how¬ 
ever. These programs are not very portable: they 
work on a specific computer with a specific operating 
system, and depend on the specific configuration of 
the hardware "extras." The programming has to be 
done over for each different type of computer. Modi¬ 
fying a protocol would be a major undertaking involv¬ 
ing reprogramming many computers. Furthermore, 
many hams who don't own computers or who don't 
want to get involved in a programming project are in¬ 
terested in packet radio. After all, an RTTY terminal 
unit or a CW keyboard need not be connected to a 
computer. This is why most Amateurs involved in 
packet radio are using a terminal node controller. The 
TAPR and VADCG TNCs have standard terminal in¬ 
terface connections, and provisions for versatile 
radio interfaces. The ROM memory chips can be pro¬ 
grammed with software implementing a standard 
packet radio protocol, and, once such software is 
written, it can be easily transferred to any similar 
TNC. Since the TNC is basically a dedicated micro¬ 
processor, the demands of radio communications do 
not interfere with a resident operating system. 

packet radio — 

communications of the future 

Hams all over North America are now involved in 


sending packet radio messages across town on VHF 
on UHF bands. Digipeater relays and ordinary voice 
repeaters make it possible to communicate over dis¬ 
tances of 100 miles or more. Packet radio mailboxes 
and bulletin boards are on the air in several areas. In¬ 
terest is growing rapidly in this newest mode of com¬ 
munications. With more experimentally inclined 
packeteers joining the ranks, exciting developments 
will be forthcoming. The emphasis for the future will 
be on long-distance communications and inter-net- 
work linking protocols. Experimental hf packet com¬ 
munications has been done on 10 meters. Inter-net¬ 
work communications through UHF and microwave 
linking stations using high data rate modulation tech¬ 
niques is envisioned. The digital special communica¬ 
tions channel on the AMSAT Phase lll-B satellite will 
see use by packet radio stations. Groups are working 
on protocol standards for this application and on L- 
band amplifiers to allow inexpensive access to this 
satellite mode. Possibly the most ambitious project in 
the works is a packet radio satellite with a store-and- 
forward mailbox as well as direct relay capability. 

Part two will continue with a detailed description 
of the TAPR terminal node controller; it will pro vide a 
clearly defined set of interface requirements and 
point out pitfalls to be avoided in making reliable 
radio connections. 
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heatsink cooling fan 

Most modern transceivers in the 
200 watt class mount the amplifier on 
the back of the cabinet. The heatsink 
is exposed, and should be cooled by a 
breeze. A muffin fan is just right to 
make that breeze. 

Surplus houses sell them for 
around $12, but you can pick them up 
new at ham flea markets for around 
$4. These fans run from 120 Vac, but 
are fast and noisy, masking the 
speaker signal. To slow the fan 
down, put a 600 ohm 20/30 watt re¬ 
sistor in series with the 120 volt line. I 
put mine in front of the breeze to 
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keep it cool. A four-inch resistor will 
mount on clips attached to the holes 
in the fan used for mounting (see 
fig. 1). 

Ed Marriner, W6XM 


HF antenna 

Some time ago I tried a 160-meter 
antenna described in Editors & Engi¬ 
neers Radio Handbook by Bill Orr, 
W6SAI, (21st Ed., Section 27-17, fig. 
22). The results were quite gratifying, 
probably because of the high ground 
conductivity under the antenna. The 
ground for the antenna was at the 
base of a 40-foot TV tower. 

I now have a small home at the sea¬ 
shore on a small lot, too small to put 
up a 120-foot dipole for 75 meters. In 
the past I had tried a single-wire 174- 
wave antenna, but with only limited 
success. Then this year I put up the 
one shown in fig. 2. I first put up the 
75-meter portion, made with 300- 
ohm TV ribbon to the specs given in 
the Handbook. My results on 75 were 
much better than with the 1 /4-wave 
dipole, but this antenna, of course, 
worked on only one band. 

Next I tried using two lengths of 
300-ohm ribbon, cut for 40 meters 
and 20 meters, and slung under the 
75-meter section. Because of the 
close coupling to the 75-meter sec¬ 
tion, these did not work. But it was 
interesting to note that the perform¬ 
ance of the 75-meter antenna was not 


affected by the addition of these two 
sections. I replaced the 40-meter and 
20-meter sections with wire, to form 
a 1 /4-wave antenna on these bands. 
Now all three antennas tuned up well. 
VSWR at 3.825 MHz was 1.4, at 7180 
it was 1.2, at 14275 it was 1.4, and at 
21.300 it was 1.4. Normally it would 
not be necessary to use an antenna 
tuner, but with the TS-120S solid- 
state transceiver, maximum output 
occurs at only 50 ohms. Also, by 
using the tuner I work over the full 
portion of these phone bands. 

construction 

The spacers were made from three 
plastic clothes hangers purchased at 
the local discount store for 97 cents. 
Each hanger was cut up to get the 
straight sections. Six were cut to 9- 
inch lengths and these were used for 
the 40-meter and 20-meter sections. 
Four were cut to 6-inch lengths for 
the outer supports of the 40-meter 
section. Holes were drilled for pass¬ 
ing the wires through them, and then 
the wire was tied to the supports with 
a piece of fishline. See fig. 3 for 
details. 

Here I might remind you to make 
sure the grounded portion of the 
SO-239 cable connector is secured to 
the tower base with a strap or heavy 
wire (#14 or larger). The one ground¬ 
ed side of the 300-ohm ribbon is sol¬ 
dered to the SO-239 casing and the 
other three wires are soldered to the 
center pin. After soldering, the 
SO-239 was coated with Dow-Corn- 
ing DC-9 for weather protection. 
Connection to the equipment is by 
means of thirty-five feet of RG8/U. 

For use on a small lot, this system 
seems to work quite well, and it has a 
high angle of radiation, which I prefer 
for contacts up to 800 miles on 75. 
Don't expect this type of antenna to 
compete with a high half-wave anten¬ 
na on any of these bands, but it does 
perform well for reasonable distances 
— even with its short length. 

J.F. Sterner, W2GQK 
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vertical phased arrays: 

part 3 


Array impedances, 
measurements, and 
calculations 


This is the third in a series of articles on phased vertical arrays by 
K2BT. 

In Part 1 (May), the author examined essential design parame¬ 
ters, and more importantly, the assumptions underlying design. (In 
the past, incorrect assumptions have misled designers into con¬ 
structing less than optimally performing arrays.) 

Part 2 (June) continued with relative power plots of two- to four- 
element arrays indicating the correlation between physical and elec- 



dance values for some popular vertical phased arrays. - Editor. 


In Part 2 1 various types of arrays were examined 
and relative power (in dB) plots were shown. We saw 
how specific physical arrangements of elements, cur¬ 
rent amplitude ratios, and phase displacements 
formed beams. By varying current amplitude ratios 
and phases, the forward beam width or the rejection 
characteristics of a given physical array were modi¬ 
fied. The question now is how can these drive condi¬ 
tions be created in a real array? To do this we need 
information about element impedances in order to 
design the feed network. 

Knowledge of self-impedance and mutual impe¬ 
dances, as well as factors that influence them, is 
essential because everything will be either directly or 
indirectly affected by these parameters. 


self-impedance 

The self-impedance of an antenna at any frequen¬ 
cy is a function of the element length, its radius, 
ground plane loss, and coupling with other nearby 
antennas. Strictly speaking, the last two items are 
not components of self-impedance. However, when 
measuring self-impedance, both may be present in 
the reading of apparent self-impedance. 

Although resonant elements are not required for 
an array, their use simplifies calculations and pro¬ 
vides the following advantages: 

1. An open-circuited 1/4-wavelength element pre¬ 
sents virtually no coupling. This simplifies measure¬ 
ment procedure and ensures best conditions for 
accuracy of self- and mutual impedance readings. 

2. The resistive component of self-impedance is nor¬ 
mally higher than ground loss resistance which re¬ 
sults in reasonable efficiency. 

3. Ground plane evaluations and comparisons are 
easier to make because more information is available 
about the 1/4-wavelength resonant antenna than 
about other types of vertical antennas. 

element length and radius 

An article on Yagi design by James Lawson, 
W2PV? provides data on the relationship between an 
element's resonant length and its radius. (When 
using this source, be sure to refer to error correc¬ 
tions?) It's important to use a full wavelength when 
calculating length-to-radius ratio, K, for W2PV's 
equations. For determining parameters of a resonant 
grounded 1/4-wavelength element, I have revised 
W2PV's chart as shown in fig. 1. In the Yagi antenna 

By Forrest Gehrke, K2BT, 75 Crestview Road, 
Mountain Lakes, New Jersey 07046 
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design, emphasis was placed on the reactance com¬ 
ponent of self-impedance, ignoring the effect that 
radius has upon the resistive component. In an all- 
elements-driven array as compared to a parasitic 
array, it is more important to know this effect. A re¬ 
view of the Amateur literature yields a range of 
values for a 1 /4-wavelength vertical resistive compo¬ 
nent of impedance; these values are probably all cor¬ 
rect. Any disparity is probably due to the different 
antenna element diameters that are used. The theo¬ 
retical self-impedance of a physical 1/4-wavelength 
high vertical is 36.5 + j21 4 which assumes the use of 
an infinitely conducting ground plane and an infinite¬ 
ly thin element. Obviously neither of these conditions 
is physically realizable. However, even if an infinitely 
thin element could be used, it still would have to be 
shortened to achieve resonance — and in so doing 
the resistive component would decrease. A real ele¬ 
ment, having real thickness, would reduce resistance 
some more since it requires a further reduction in 
length in order to achieve resonance. Kraus 0 shows 
that l/r ratios in the range of 60 to 1000 are equal to a 
resistance variation from 34 to 36 ohms, with 35 
ohms as an average value. He uses an element's 
actual length when calculating l/r. The comparable 
data for reactance change compiled by W2PV would 
show a variation for K from 240 to 4000. When resis¬ 
tance is plotted against the logarithm of K, we see a 
virtually straight line, showing a slow reduction in re¬ 
sistance as the element diameter is varied from 1.5 to 
24 inches. 


ground planes 

Considerable controversy surrounds the subject of 
required ground plane size and its influence on an¬ 
tenna performance. The ground plane essentially 
establishes an image antenna to represent the other 
half of a dipole. The better that image, the lower the 
ground loss and the lower the radiation angle. How 
large the ground plane should be is answered by 
examining the near field (within the first 1 /2 wave¬ 
length), and far field (to at least 6 wavelengths) com¬ 
ponents. The near field requirements for proper pat¬ 
tern formation is satisfied by a ground system com¬ 
posed of wire radials; a sufficient quantity allows us 
to get quite close to the theoretical resistance. At the 
lower frequencies the far field usually must be left to 
nature, since it would be prohibitively expensive to 
provide so large a radial wire or mesh ground system. 
Even the large a-m broadcast antennas are located in 
salt marshes whenever available to take advantage of 
the high conductivity of earth for many wavelengths 
beyond the reach of the radials. 

My experience correlates closely with the work re¬ 
ported by Jerry Sevick, W2FMI? 7 His graph of resis¬ 
tance versus number of radials used on 40 meters is 
applicable for 80 meters as well. I used radials aver¬ 
aging 0.3 wavelength in length, composd of PVC No. 
24 hookup wire, and laid them on the ground. The 
only difference noted is that resistance did not de¬ 
crease as rapidly as his graph shows. For instance, I 
never found resistance below 40 ohms with 40 radi¬ 
als, but at 60 radials and greater the data correlated 
more closely. This discrepancy is probably attribu¬ 
table to the differences in soil conductivity; the land 
under my array is part of a moraine, and consequent¬ 
ly represents very low conductivity earth. All indica¬ 
tions are that with 120 1 /4-wavelength radials, resis¬ 
tance of a resonant 1/4-wavelength vertical is within 
a half ohm of the theoretical value regardless of the 
underlying soil conductivity. Another effect I noticed 
which W2FMI did not comment upon was that as 
radials were added, the element length had to be 
slightly but continually adjusted upward to maintain 
resonance. 

coupling with other antennas 

The attempt to approach the theoretical self-impe¬ 
dance value can be frustrated by inadvertent coup¬ 
ling of the antenna under test to another antenna. As 
will be seen when discussing mutual impedance, the 
effects are subtle and can be easily mistaken for 
ground plane differences. These effects can go in 
both directions — you may think you are achieving 
theoretical self-impedance with a 30-radial ground 
plane, or conversely that a 120-radial ground plane 
has several ohms loss. If you encounter either of 
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these indications, suspect coupling with another 
antenna (or something acting like one even if you 
don't "see" it). Another indication of this problem is 
a significant departure (at 80 meters — several 
inches) in element length for resonance. I had a 
tower guy wire (adequately broken up with insula¬ 
tors, I thought) whose lowest section ran to an 
anchor at the base of a tree. This section was approx¬ 
imately 1/4 wavelength and it found sufficient 
ground conductivity in the tree roots to present lossy 
coupling to one of my array elements. Though I 
knew that element wasn't right, I could not see any¬ 
thing that would act as a resonant antenna around it. 
That guy wire didn't look as if it had a ground plane! 
The solution was to insulate it at the anchor, thus de¬ 
coupling the section of guy wire. 

I am sure many Amateurs will identify with this 
frustrating experience: the first element of a multi¬ 
element array is erected and adjusted for resonance. 
The length is carefully recorded and the second 
erected. Then, letting the first element remain con¬ 
nected to its feed cable, the second element is 
checked for resonance, found too long, and is read¬ 
justed downward. Reconnecting the second element 
to its feeder, the first element is now found too long. 
And so it continues; the result is that the elements 
end up considerably shortened below their uncoup¬ 
led resonant length. This is mutual coupling at work 
and the error was in failing to open-circuit other ele¬ 
ments when making self-impedance measurements. 
Other elements, at or near resonance and within 
about 0.35 wavelength of the antenna being meas¬ 
ured, will manifest inductive coupling. Unless you're 
aware of what is happening, you may diagnose this 
inductive reactance to be due to the element's being 
too long. Shortening it will bring it to "resonance" 
and this may be accompanied by a satisfactory re¬ 
duction in resistance (perhaps even below theoreti¬ 
cal), but all this changes when the second element is 
open-circuited. It is well to remember that this situa¬ 
tion can also occur inadvertently with a conductor 
not recognized as acting as an antenna. However, as 
we shall soon see, this same effect — mutual coup¬ 
ling — is the very same process used to advantage to 
create field enhancement and cancellation in arrays. 

mutual impedance 

Coupling between elements is a function of ele¬ 
ment lengths, distance between elements, relative 
attitudes of elements (e.g., parallel, co-linear, eche¬ 
lon), and ground plane losses. Ground losses are not 
actually a component of theoretical mutual impe¬ 
dance but in a practical situation they become a part 
of the apparent mutual impedance. (Mutual impe¬ 
dance is a term that relates to the interaction of two 



or more antennas which are close enough to each 
other to cause their driving impedances to be differ¬ 
ent from their self-impedances.) The unit of meas¬ 
urement — ohms — may be, like any impedance, 
resistive or reactive, or both. Such antennas are 
coupled by an impedance which appears to be in 
common with all elements. (Driving point impedance 
calculations only require the mutual impedance be¬ 
tween pairs — that is, two elements at a time be 
measured.) Mutual impedance between antennas is 
similar to mutual inductance between coupled coils; 
the impedance relationship can be both depicted and 
its value measured in the same way. In fig. 2 the driv¬ 
ing point impedance Z, or Z 2 of each vertical as 
measured at either set of terminals reacts to the pres¬ 
ence of the other vertical as though its self-impe¬ 
dance Z u or Z 22 had a common impedance Z 12 in 
series with it. Z l2 is, by definition: 

2,2 = - E 2 /Ij 

Although useful mathematically, it doesn't provide a 
practical basis for measurement. The voltage and 
current relationships existing in a system of antenna 
elements, each mutually coupled to one another, 
have the same form as the voltage and current in a 
general network. Writing their mesh equations 
produces: 

E , ~ h2n + l l2,2 + ••• + I n 2, n 
E 2 — I,Z 2l + / 2^22 + ••• + ^n^Zn 


E n = I,Z nI + I 2 Z n2 + ... + I n Z nn 

where E lt E 2 ...,E n are voltages applied 
to elements 1,2,...N 

I], I 2 -.-,I„ are element drive currents 

z„, z 22 .. ,,Z nn are element self-impedances 
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Z 12 , Z 21 z 2n are mutual impedances and are 

denoted by dual subscripts which are always differ¬ 
ent, As in general networks, mutual impedances with 
the same subscripts but with reversed positions, 
(e.g., z 12 and Z 2I ), describe the identical impedance 
(from the Reciprocity Theorem). 

If the equation for each drive voltage is divided by 
that element's drive current, the following driving 
point impedance terms are obtained: 

z i = Ej/Ij = Zjj + I 2 Z 12 /I, + ... + I„Z ln /I, (1) 


Z n = E n /I n = IjZ nl /I n + I 2 Z n2 /l n + ... +Z nn 

Notice that each element's driving point impedance 
consists of its self-impedance and includes terms for 
the mutual impedances between it and each of the 
other elements. The influence of the mutual impe¬ 
dances upon the driving point impedance is a func¬ 
tion of the drive currents (amplitude and phase) to 
other elements. Although at first glance these equa¬ 
tions appear quite formidable and look like there are 
too many unknowns for solution, this is not the case. 
Having selected an array configuration and the driv¬ 
ing current ratios and displacements for the field 
plot, we already know what the currents need to be. 1 
If we could find a way to reduce the complexity and 
consequently the number of unknowns, a means for 
deriving mutual impedances might be devised. Fortu¬ 
nately there is one. Since each mutual impedance we 
need to know exists between only two elements, we 
can write a simpler set of equations: 

E i = h z n + h z i2 

E 2 = h Z 12 + h Z 22 

If the terminal of element 2 is connected to its 
ground plane, the drive voltage E 2 becomes zero 
and: 


E i - h z u + h z i2 
O — IjZj 2 + I 2 Z 22 

Solving for the driving point impedance yields: 

Zj = Ej/Ij = Zjj ~ (Z I2 )2/Z 22 
and solving for the mutual impedance Z 12 gives 

z n = ± J2Z 2 (Zji - Z,) 


( 2 ) 


(3) 


Note that all references to voltages and currents have 
been eliminated. We are now in a position to find all 
the remaining unknowns. 


mutual impedance measurement 

Provided the elements are 1 /4 wavelength or less, 
the procedure is: open-circuit all elements; measure 


the self-impedance of element 1; connect element 2 
terminal to its ground plane; measure the driving 
point impedance of element 1; and open-circuit ele¬ 
ment 2. 

If there are additional elements, connect element 3 
terminal to its ground plane; measure the driving 
point impedance of element 1; and open-circuit ele¬ 
ments. 

Following the same sequence, all remaining ele¬ 
ments are measured from element 1. When com¬ 
pleted, a similar set of measurements are taken from 
element 2, starting with self-impedance and then 
measuring the various pairs of driving point impe¬ 
dances, and so on with each remaining element. This 
procedure allows each element to be individually 
treated as the reference element of each pair of ele¬ 
ments for mutual impedance measurements. When 
completed, the same mutual impedance will have 
been read from each side of every pair. This provides 
a check on previously determined calculations. I am 
continually amazed (even though I know it is sup¬ 
posed to happen) by the close coincidence of the re¬ 
sulting value for mutual impedance as determined 
from either element of a pair! This occurs, as it 
should, even when the two self-impedances are quite 
different. 

using 1 /2-wavelength elements 

What if the elements are significantly longer than 
1/4 wavelength, specifically a 1/2 wavelength? 
Open-circuiting these elements from the ground 
plane will not decouple them (in all likelihood, coup¬ 
ling will be found to increase if the length is exactly a 
1/2-wavelength). Means for temporarily sectioning 
other elements into two electrically separate halves 
must be provided so that self-impedances are meas¬ 
ured with the temporary sectioning reconnected and 
that element connected to its ground plane. I have 
no experience with this situation but I believe the 
array can be driven properly, provided the high impe¬ 
dance at the bases of the elements can be handled. 

In antenna texts, mutuals are always referred to 
current loops (maximum current points). Mutuals de¬ 
rived from measurements as above are referred to 
the base of the elements. These are quite different 
values, just as self-impedances differ according to 
whether they are measured at a voltage or current 
loop. 

mutual impedance calculations 

Data is taken from a 40-meter 4-square array with 
elements spaced 0.272 wavelength at 7.0 MHz. The 
elements are not alike, not resonant, and the ground 
plane is quite lossy. Data are shown for two elements 
and mutual coupling was measured from each. 
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table 1. List of mutual resistance and reactance between 
1.5 wavelength spacings. 


spacing R X 

0 + 36.57 + 21.27 

.05 +35.83 +12.14 

.10 + 33.67 + 3.77 

.15 +30.22 -3.55 

.20 + 25.70 - 9.59 

.25 + 20.40 -14.18 

.30 +14.63 -17.22 

.35 +8.75 -18.71 

.40 +3.11 -18.72 

.50 - 6.27 -14.97 

.55 -9.53 -11.71 

.60 -11.66 - 7.94 

.65 -12.61 -3.97 

.70 -12.43 - 0.13 

75 -11.25 +3.32 


> physical 1/4-wavelength verticals separated by 0 through 


spacing R X 

.80 - 9.25 + 6.13 

.85 - 6.66 + 8.15 

.90 - 3.75 + 9.28 

.95 -.78 +9.50 

1.00 + 2.00 + 8.87 

1.05 +4.38 +7.52 

1.10 +6.16 +5.61 

1.15 +7.26 +3.36 

1.20 + 7.63 + 0.97 

1.25 +7.28 -1.33 

1.30 + 6.30 - 3.35 

1.35 +4.81 -4.92 

1.40 +2.99 -5.94 

1.45 +1.00 - 6.35 

1.50 -.94 - 6.15 


Equation 3 is used to calculate the mutual im¬ 
pedance. 

Measurements from Element A (referenced as Ele¬ 
ment #1) 

Element A Z,, = 45.73 + j 8.19 Self-impedance of A 

Element B 2^ = 42.53 + j 5.72 Self-impedance of B 

Element A Z, = 46.98 + j15.66 Driving point 

impedance 
of A with B grounded 
Z 12 = 12.53 -j12.95 Calculated mutual 
impedance 

Measurements from Element B (referenced as Ele¬ 
ment #1) 

Element B Z,, = 42.53 + j 5.72 Self-impedance of B 

Element A Z n = 45.73 + j 8.19 Self-impedance of A 

Element B Z, = 44.20 + j 12.79 Driving point 

impedance 
of B with A grounded 
Zj2 = 12.63 - j13.34 Calculated mutual 
impedance 

Note the following: 

1. There is a nomenclature interchange for the self¬ 
impedances of the elements, denoting the change in 
reference element for the measurement of mutual 
coupling. 

2. There is only a small increase in resistive compo¬ 
nent when measuring the effect of coupling, requir¬ 
ing a highly accurate impedance bridge. 8 

3. At this spacing, the effect of coupling is decidedly 
inductive on the measured element. 

4. There is reasonably good correspondence in the 
mutual impedance calculation from either side of the 
pair of elements, despite the differences in the indi¬ 
vidual elements. 

5. The measured mutual impedance is quite different 
from theoretical values. (See table 2.) 


As a further verification of measurements and cal¬ 
culations, this test is useful and instructive: With ele¬ 
ment 2 connected to its ground plane, drive element 
1 from a 50 to 100 watt source while measuring cur¬ 
rent at the terminals of each element. The ratio of the 
current flowing in element 2 to element 1 is equal to 
the ratio of the mutual impedance to element 2 self¬ 
impedance: 

(This identity is a rearrangement of eq. 2.) 

Since ratios are involved, the only restraint on the 
current measuring device is that it be linear. Al¬ 
though phase angles are difficult to measure when 
the reference points are located at some distance, 
current amplitudes can be measured and this identity 
is useful as a verification of impedance measure¬ 
ments and calculations, even if only the magnitude 
of the mutual impedance vector can be obtained. 
When performing this test, if there are more ele¬ 
ments, open circuit them. If driving with more than 
50 watts be careful of those open-circuited elements; 
don't provide a ground return through your body. 
You may be surprised to find how much energy is 
being coupled. 

The calculations for mutual impedances require a 
square root extraction. Which sign to use? As gen¬ 
eral guidance, the polar vector angle of the root is 
always lagging except at spacings less than about 
0.15 wavelengths. For a specific calculation the pat¬ 
tern of sign changes seen in published sources is an 
aid. Mutual resistance and reactance vary with ele¬ 
ment separation in the nature of a damped sine 
wave, starting with both signs positive at zero sepa¬ 
ration and proceeding through cyclic sign variations 
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thereafter. For example, suppose at 1/4-wavelength 
separation with 1 /4-wavelength elements your calcu¬ 
lator or computer produces the square root extrac¬ 
tion - 13.7 + j?5.1 (polar notation 20.4 + 132.2°). 

The polar angle shows lead and it should be lagging. 
Looking at published sources we see confirmation 
for this. Subtracting 180° from the polar vector angle 
will produce the correct signs for resistance and reac¬ 
tance. To aid in determining signs I have converted 
the table of mutual resistances and reactances 
shown by W2PV, to grounded physical 1/4 wave¬ 
length values in table 1. 

The question arises: "Why bother measuring 
mutual impedances? Why not use published values 
from antenna texts?" The best answer is another 
question: "Why not also use textbook values for self¬ 
impedance?" Most Amateurs measure self-impe¬ 
dance because they want to be sure the element 
length is resonant at the frequency of interest or be¬ 
cause they know from experience that the actual 
self-impedance can differ considerably from the the¬ 
oretical value. Theoretical mutual impedance deriva¬ 
tions are quite complex and solutions often use dif¬ 
ferent simplifying assumptions. The result is that few 
textbook sources — except those which obtained 
data from a common origin — agree exactly. Regard¬ 
less of source, the following assumptions apply: infi¬ 
nitely conducting ground plane; infinitely thin ele¬ 
ment; and element lengths measured in physical 
wavelengths. Element radius has a relatively small 
effect on mutuals. The element length assumption 
can be determined from the values for zero separa¬ 
tion between elements (see first line in table 1). This 
is the self-impedance of a single element and may be 
recognized as identical with theoretical self-impe¬ 
dance. (Applies to equal length element data only.) 
For example, the value 36.5 + j21 means that physi¬ 
cal 1/4-wavelength elements had been assumed. 
The length difference (over resonant length) will not 
seriously affect driving point impedance calculations, 
but the assumption of lossless self-impedances will. 
Table 2 lists mutual impedance between 1/4 wave¬ 
length high elements from several sources compared 


table 2. Values of mutual impedance between two 
quarter-wavelength high verticals. Data from five dif¬ 
ferent sources. (Gehrke's entry represents measured 
data for a real vertical over a real ground.I 




Mushiake 

Gehrke 


mutual impedance 


(0.272 spacing) 
17.49 j17.01 

17.47 — jl 6.01 
17.55 -J16.37 
17.51 — j15.70 
13.20 — j 16.24 


(0.385 spacing) 
2.96 — jl 8.47 
6.00 -j17.50 
1.66 — j18.99 
4.80 - j18.75 
0.20 — j 16.61 


to an average of 16 measurements I have made. 

The resistive component differs most. Despite 
these differences, if no means of measurement is 
available, there is something to be said for using the¬ 
oretical values; at least there is recognition they exist 
rather than ignoring them entirely. However, as I 
have previously emphasized, the significance of devi¬ 
ation from optimum drive conditions increases with 
the complexity of the array. When I first became 
aware of the need to take mutual impedances into 
account for the feed network, I used theoretical val¬ 
ues. There was improvement in F/B, but it was still 
far from what is achievable. 

You may have wondered if an element driving- 
point impedance could have a negative resistive 
component, and if so, what that means. This is en¬ 
tirely possible with arrays of more than two ele¬ 
ments, particularly with close spaced arrays or arrays 
employing non-unity current ratios. Elements exhibit¬ 
ing this condition are being driven by energy coupled 
from other elements; instead of receiving any drive 
from its feeder, this element is sending drive back 
into the feed network. This is still a coupled passive 
system, in equilibrium, merely observing the law of 
conservation of energy. 

calculations of driving- 
point impedances 

Using equation 1, I have calculated and listed in 
table 3 the driving-point impedances of several 
arrays discussed in Part 2 using measured mutuals. 
(For smaller spacings, values were estimated based 
on extrapolations of my data). For a comparison, the 
4-square array driven impedances are also calculated 
using mutual impedances from table 1. 

Data common to all calculations: 

Element effective radius = 0.7 inch 
Element height = 62.7 feet 
Self-impedance = 36.4 + jO ohms 
Frequency = 3.8 MHz 

notes and comments 

1. The 3 element in-line and the 1/8-wavelength 4- 
square have elements which exhibit substantial nega¬ 
tive resistance components in their driving point im¬ 
pedances. 

2. Nearly all driving point impedances show substan¬ 
tial reactance, requiring some care in establishing 
correct phasing. 

3. All arrays except one exhibit unlike driving impe¬ 
dances, ruling out equal power distribution networks 
where equal current amplitude is intended. 

4. Note the difference in driving point impedances in 
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the 1/4 wavelength spaced 4-square using actual 
mutual impedances as compared to the use of theo¬ 
retical values. Current and phases in the latter case 
will not occur as intended in a real array. 

5. Note the 2 element 1/2 wavelength spaced array 
(not shown in Part 2). Because of the equal driving 
impedances, here is one of the few instances of an 
array which operates as intended regardless of feeder 
length, as long as they are equal and a 1/2 wave¬ 
length delay line is inserted in series with one of 
them. Except for VSWR, Z 0 of coax is not important. 
The antenna pattern in this case is not a function of 
the coaxial cables Z 0 (characteristic impedance) 
though the VSWR still is. 

We tend to become accustomed to thinking of an 
antenna, just as any discrete component, as having a 
fixed impedance at any frequency. The concept that 
elements within an array present impedances that are 
determined by other element drive currents (ampli¬ 
tude and phase) is, at first, difficult to appreciate. 
That these impedances may have negative compo¬ 


nents of resistance also can be a bit unsettling. Yet 
when an array is looked at mathematically as a gen¬ 
eral network which includes the impedance branches 
represented by mutual impedances, these seemingly 
unusual effects can be seen to be physical realities. 
Consequently, the rest of this coupled system, the 
feed network, must be designed for these driving im¬ 
pedances as the terminations. 

If we expect to switch directions with this array, 
then we need to be sure that each physical element 
presents the same driving point impedance appropri¬ 
ate to the electrical position in the array it is assum¬ 
ing. I have found that equalizing self-impedances is 
the best means for doing this. Each element is 
adjusted for length to present the identical reactance 
(if resonance is the objective, then this is zero reac¬ 
tance). Assuming all elements have the same radius, 
radials are added to those elements showing higher 
resistive components. At the 100 radial level, it is not 
unusual for a spread of +20 radials to occur among 
the ground planes of the elements in this effort at 
equalization. 
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Anyway you Look 
At It.... ADM Has 
Your Antenna 



ADM 11, ADM 13, ADM 16, ADM 20 
Sturdy Aluminum fie Steel 
Construction 

Easy Assembly fie Installation 

ANTENNA DEVELOPMENT fie 
MANUFACTURING, INC. 

P.O. Box 1178, Hwy. 67 South 
Poplar Bluff, MO 63901 
(314)785-5988 686-1484 ^ 108 


summary 

We have worked our way through the design of 
vertical phased array antennas. A number of typical 
arrays were examined, as well as the current require¬ 
ments of each element and the driving point impe¬ 
dances that must exist to cause the array to operate 
as designed. What remains is to design the feed net¬ 
work which will create conditions as they must 
appear, not at the element terminals, but at the end 
of the feed lines coming from those terminals. By 
now you are aware, if you weren't already, that feed 
lines are an integral part of the feed network. 

There is no unique network which achieves the 
necessary current amplitude ratios and phase dis¬ 
placements. We can get to that objective in a num¬ 
ber of different ways. In the next article the design 
task will be of use A,B,C,D parameters in single 
matrices as a tool. If this technique is new to you, I 
believe you will find this approach most interesting. 
You will see that this is a powerful and versatile 
means of network design, useful not just for antenna 
arrays, but for other network applications as well. 
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RTTY and the Atari™ computer 


Turn your Atari home computer 
into an RTTY terminal for 
either Baudot or ASCII 


If there's one area in Amateur Radio that is becom¬ 
ing dominated by microprocessors, it's certainly 
RTTY. It's now common to find an RTTY operator 
using either a home computer or a piece of commer¬ 
cial gear fully dedicated to RTTY. RTTY is basically a 
digital form of communications, and as such it lends 
itself well to the use of computers. Applying a com¬ 
puter to RTTY requires that some basic problems 
first be solved. This article describes those problems 
and shows how they are solved in the process of 
making an Atari computer into an RTTY terminal 
(fig. 1). 


basic problems: 
receiving and transmitting 

When you tune your receiver to a ham RTTY sta¬ 
tion. you hear an alternation of two tones, called a 
low tone pair, which consist of a 1275-Hz "mark" 
and a 1445-Hz "space." The duration of these tones 
determines the character speed, measured in words 
per minute. A device called a terminal unit receives 
the two tones and generates a voltage-on state when 
mark is present and a voltage-off state when space is 
present (seefig. 2). 

It's here that the serial interface to the computer 
comes into play. The serial interface detects the start 
of the pulse string, all on/off voltage transitions, and 
the end of the pulse string coming from the terminal 
unit. A pulse string represents a single character, and 
is stored as a binary number in a holding register in 
the interface. The computer reads this binary number 
and processes it before the next character appears in 
the serial interface. Processing usually means print¬ 
ing the character on a CRT, TV screen, or LED 
display. 

The terminal unit designed for this application is 
shown in fig. 3. It is a receive-only device whose 
operation is controlled by the XR2211 chip. The resis- 

By David W. King, K5VUV, 743 Rodney Drive, 
Baton Rouge, Louisiana 70808 
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fig. 1. Cabling arrangement between the Atari com¬ 
puter, transceiver, and terminal unit. 


tors and capacitors connected to this chip are used 
to change its frequency response characteristics. 
This circuit provides digital pulse strings when either 
low tone pairs or high tone pairs with a frequency dif¬ 
ference of 170, 425, or 850 Hz are received. 

All parts except the XR2211 chip come from Radio 
Shack; theXR2211 is available from Jameco.* Appli¬ 
cation note AN-01 from Exar Integrated Systemst 
explains chip operation. The serial interface used in 
this application is the Atari™ 850. With this interface, 
it is possible, under program control, to receive Bau¬ 
dot or ASCII at rates from 60 to 960 WPM. Although 
this interface is billed as an RS232-level device, it 
works fine with the 0 to 12 volt signal generated by 
the terminal unit described. 

To transmit RTTY, there must be some way of 
choosing the character or number you wish to send. 
This is normally done via a keyboard. Pressing a key¬ 
board button closes a switch which is detected by 
the computer program and decoded into a unique bi¬ 
nary number. This number is normally converted into 
a pulse string, which is subsequently converted to 
either mark or space tones, depending on the voltage 
level of the pulses. These audio frequency tones 
must be held for the appropriate time (approximately 


•Jameco Electronics, 1355 Shoreway Road, Belmont, California 94002. 
tExar Integrated Systems, Inc., 750 Palomar Avenue, P.O, Box 62229. 
Sunnyvale, California 94088. 


22 milliseconds for 60 WPM) and fed to the micro¬ 
phone input circuit of the transmitter. 

detailed solutions 

The audio tones sent to the microphone jack need 
to be fairly precise in frequency and duration. In this 
application, advantage may be taken of a feature in 
the Atari computer itself. The Atari has a set of inter¬ 
nally programmable sound generators (they are used 
to simulate explosions, battle tanks, and so forth in 
game programs). These sound chips happen to gen¬ 
erate the audio frequencies for mark and space at all 
frequencies and shifts needed. Although these tones 
are neither precisely those specified for RTTY (plus/ 
minus 10 Hz) nor perfectly sinusoidal, they work 
flawlessly. 

This feature makes it unnecessary to build an ex¬ 
ternal tone generator — thus the receive-only termi¬ 
nal unit. To control the time duration of the tones a 
small assembly-language program was used. The 
BASIC language that composes most of the program 
is not fast enough to turn the tones on and off at the 
required speed. 

The same assembly language program is used for 
all of the different tone duration times. The main 
BASIC program modifies the timing constants in this 
assembly-language program whenever you change 
from one WPM rate to another. 

FCC regulations require that Amateur Radio opera¬ 
tors provide CW identification at the end of their 
RTTY transmissions. This is accomplished using the 
same method as the tone pair generation. The pro¬ 
gram transmits the CW ID at approximately 20 WPM 
at a single pure tone that is between the mark and 
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fig. 2. The terminal unit converts tones to a digital 
pulse train. 
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space frequencies. This enables the receiving station 
to hear your CW ID without retuning the receiver. 

Baudot computer program options 

The program allows you to select any of several 
options, which include receiving RTTY; transmitting 
at 60 WPM using the low tone frequency pair, 170- 
Hz shift; transmitting at 60 WPM using the high 
tones frequency pair, 170-Hz shift (for VHF); trans¬ 
mitting at 100 WPM-low tones, 170-Hz shift; trans¬ 
mitting at 100 WPM-high tones, 170-Hz shift; print¬ 
ing using a hardcopy device; and "go to ASCII 
program." 

Other options included in the program are: 

A. Automatic transmitter turn-on/turn-off using the 
PTT feature, accomplished by using a spare pin on 
the Atari 850 serial interface. One of the signals avail¬ 
able at the output of this interface is called Data Ter¬ 
minal Ready. This pin supplies either +12 or -12 
volts and is switchable under program control. It is 
therefore ideal for driving a transistor switch to acti¬ 
vate PTT when transmitting and deactivate the PTT 
when receiving (seefig. 4). 

B. Brag tapes (pre-recorded messages) are nice to 
have, so there is a feature in the program that allows 
you to call up and transmit any one or all of seven 
Brag tapes stored on the disk. When you are trans¬ 
mitting, a Control A will read Brag tape 1 from the 
disk and send it. Control B sets Brag tape 2, and so 
on up to Control G. Control H is reserved for the CW 
ID To Follow announcement and automatically sends 
your CW ID. A separate program is used to build the 
Brag tapes. 


C. Hard copy on a printer is possible. The program 
stores all received characters in memory and after the 
QSO allows you to list it to the printer. This applica¬ 
tion is programmed to store 4000 characters. It can 
be increased or decreased depending on memory 
availability. 

D. Some systems permit transmission of date and 
time. Control T will do this if you enter the correct 
time and date into the program when it first runs. 
(This piece of coding is not smart enough to change 
the month if you transmit past midnight on the last 
day of the month — a good thing for you to modifyl) 

E. Sometimes a reception error occurs and you go in¬ 
to the Numbers printing mode erroneously. Pressing 
Start forces you back to Letters mode immediately. 

F. Pressing Select clears the screen and printer 
storage buffer, and reprograms the serial interface to 
change the expected reception baud rate (WPM). 
You can cycle the WPM reception rate from 60 to 66 
to 75 to 100 back to 60 with four pressings of the 
Select key. This is handy for copying commercial 
RTTY broadcasts. 

G. The Option key aborts the receive portion of the 
program and allows you to begin transmission, begin 
printing, select a different WPM transmit rate, or go 
back to receiving. 

H. Control I aborts the transmit section of the pro¬ 
gram and goes to the Option section without sending 
a CW ID. 

I. Control H sends CW ID To Follow-DE (Your Call), 
in RTTY, then sends your call in CW and immediately 
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switches to receive at the same baud rate you were 
using in transmission. 

differences in the ASCII program 

The ASCII program is similar to the Baudot pro¬ 
gram just described. Its option section permits: re¬ 
ceiving ASCII; transmitting at 110 Baud, 170-Hz 
shift, low tones; transmitting at 300 Baud, 425-Hz 
shift, high tones (for VHF); transmitting at 600 Baud, 
425-Hz shift, high tones; transmitting at 1200 Baud, 
850-Hz shift, high tones; printing to a hardcopy de¬ 
vice; "Go to Baudot" program. (Receiving and trans¬ 
mitting at Baud rates above 300 have not been tested 
extensively to date.) 

All of the options described above except Control 
T and the Letters-mode-forcing exist in the ASCII 
program. All of the equipment remains the same as 
for the Baudot program. 

future possibilities 

Some additional attractions you may want to add 
to the program could be: split-screen viewing of both 
typing and reception simultaneously; buffering your 
input so it's not sent immediately upon entry, but in 
fast strings to impress your contact with bow 
smoothly and fast you type; automatic logging to the 
disk of time, date, call, and other QSO information; 
and CW reception — hint: This could be done 
through the joystick input port using the terminal unit 
described and an assembly language program, 
getting started 

Copies of the three BASIC program listings and 
the assembly language program listing described 
above are available from ham radio. * 


For those of you who don't want to type all of 
these program listings into your computers. I'll be 
happy to send them to you on a 5’/« inch floppy disk¬ 
ette. I'll customize your diskette with your name and 
call, (Sorry, I can't send cassettes — just disks.)t 

terminal unit construction adjustments 

The circuit was built on perfboard and wire 
wrapped. No printed circuit board is available. Lay¬ 
out is not critical. I would advise using a metal box 
enclosure and shielded cable. Open Jumper J1 as 
shown in fig. 2. 

Use an ohmmeter to measure the resistance from 
pin 12 of the XR2211 chip to ground. As you change 
the six-position switch's location, adjust R1 to R6 to 
give the following ohm readings: 


reading adjust 

17825 B1 
19445 R2 
20568 R3 
26738 R4 
30558 R5 
33422 R6 


switch position 

850-Hz-shift high tones 
425-Hz-shift high tones 
170-Hz-shift high tones 
170-Hz-shift low tones 
425-Hz-shift low tones 
850-Hz-shift low tones 


Replace J1. The application notes from Exar give a 
more elaborate tune-up method, but mine worked 
fine with the above procedure. My settings were ±2 
percent of the above values. These resistances are 
theoretically calculated from Exar's design infor¬ 
mation. 

conclusion 

The programs and equipment described in this arti¬ 
cle have been in use since November of 1982. They 
have resulted in numerous RTTY QSOs on both the 
hf and VHF bands. If you have an Atari computer, try 
it on RTTY! Please feel free to write if you have ques¬ 
tions or run into problems with the programs. Include 
an SASE; I'll do what I can to help. 
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TECHNIQUES 


Now that we have temporary 
operating privileges for the 10 MHz 
band, we can look forward to the 
opening of the 18 and 24 MHz Ama¬ 
teur bands, another outcome of the 
1979 World Administrative Radio 
Conference; the bands encompass 
18.068 to 18.169 MHz and 24.890 to 
24.990 MHz. As this column is being 
written (late February), it looks as if 
these bands are far away indeed for 
U.S. Amateurs, unless somebody 
pulls a rabbit out of the hat. 

Operation on the new bands is 
authorized in many European and 
South American countries, although 
to date activity has been sparse ex¬ 
cept on weekends. Most stations 
congregate around 18.07 MHz and 
24.9 MHz. In California, European 
signals came through very well on 
both bands in the morning hours dur¬ 
ing the winter. 

The Federal Communications 
Commission has adopted Docket 
80-739 NPRM of December 30, 1982, 
and the planned action (for "action" 
you may read "inaction") includes 
use of these frequencies by the fixed 
services until July 1, 1989. There is no 
indication of any plan for implemen¬ 
tation of the WARC Resolution 640, 
and no indication that any interim 
action is contemplated. 

So here we sit, as the sunspot 
count slowly sinks toward the next 


minimum, due to arrive in a few 
years. If the FCC follows its present 
policy of inaction, by the time the 
bands are opened for Amateur Radio 
they will be useless for long-distance 
communications. The next sunspot 
minimum is predicted to cover the 
period 1985 through 1990, so if we do 
achieve operating privileges in these 
bands in 1989, they will be of little use 
to us until about 1992. That's nine 
years from nowl If the FCC really 
wishes to aid Amateur Radio, they 
should amend Part 97 of the Rules to 
permit operation on these bands on a 
noninterfering basis now. 

As far as Amateur interference to 
existing fixed stations is concerned, 
both bands are a wilderness. Despite 
the FCC count of stations authorized 
to operate on these frequencies, few 
do. Six months of listening has logged 
very few fixed-service stations, far 
fewer in fact than the number noted 
on the 10-MHz band before it was 
authorized for Amateur operation. 

I hope this frustrating hang-up can 
be solved, if possible before the end 
of this year. 

the Kenwood R-600 
communications receiver 

This is not a product review but 
rather two ideas for improving this in¬ 
teresting receiver. 

My general-coverage Collins 51J-4 


receiver seems to grow more massive 
as the years roll by. It is an invaluable 
adjunct to my station, as it provides 
a-m/CW and SSB reception over the 
range of about 480 kHz to 30 MHz. 
With multiple mechanical filters, it 
serves in a pinch as a good Amateur 
receiver, backing up my regular ham- 
band-only receiver. I'd had my eye on 
the Kenwood R-600 receiver (which 
weighs less than 10 pounds!) for 
some time, and I finally bought one 
as a tentative substitute for the 51J-4, 
which, in its steel cabinet, is a real 
boat anchor. 

I was really pleased with the Ken¬ 
wood: excellent sensitivity, readout 
to 1 kHz, and excellent audio quality 
for listening to shortwave broadcast, 
regular broadcast, or long-wave re¬ 
ception of local aircraft weather 
reports. The little receiver exhibited 
two characteristics, however, that I 
found improvements for. 

First, when I used a random-length 
wire antenna, cross-talk and birdie 
problems were evident in the broad¬ 
cast and the long-wave bands. I 
found that a 70-pF variable compres¬ 
sion mica capacitor placed at the an¬ 
tenna terminal, in series with the wire 
antenna, proved to be the cure. The 
capacitor is simply adjusted for mini¬ 
mum cross-talk; it does not hinder 
shortwave reception at all. 

Second, I noticed a peculiar buzz- 
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ing on the high-frequency bands, par¬ 
ticularly around 20 MHz. The high- 
pitched buzzing noise grew loudest 
when I brought my hand near either 
the receiver's tuning dial or the digital 
frequency readout immediately above 
it. 

It only took a moment to ascertain 
that the receiver was listening to the 
counting pulses that drove the digital 
frequency display. Moving the anten¬ 
na about in the room alleviated the 
problem somewhat; and the use of an 
elevated dipole fed with coax a dis¬ 
tance from the receiver completely 
eliminated the noise. But the dipole is 
useless for general coverage recep¬ 
tion. What to do? 

Using a short test lead as a probe 
connected to the antenna input ter¬ 
minal of the R-600, I found that the 
counter noise was coming from the 
glass dial of the frequency readout. 
Removing the top and bottom covers 
of the receiver enabled me to see that 
the readout was well shielded from 
the rear; but the shield was open to 
the front to make the readout visible. 

My cure was quick, inexpensive, 
and simple. I removed the knobs and 
front panel (the panel is held in place 
by top and bottom bolts, plus two 
bolts under the tuning dial). At the 
hardware store I bought an envelope 


of "screen door patches," which are 
little squares of aluminum screening. 
I cut one of these squares down so 
that it was about 2 inches long and 1 
inch high, just big enough to place 
behind the glass window. When the 
glass was replaced, it pressed the 
screen against the metal chassis, 
making a good ground connection. 
Before reassembly I sprayed both 
sides of the screen with flat black 
enamel to remove any reflection, 
leaving the edges of the screen clear 
of paint to make a good ground. 

That did the trickl It bottled up the 
counter noise so well that it cannot 
be heard on any band. 

Most modem ham equipment has 
some kind of frequency display. Does 
yours generate noise that can get into 
the front-end of the receiver? Perhaps 
some of those funny noises you've 
noticed from time to time are caused 
by this problem. You can make a 
quick check by disconnecting your 
regular station antenna and using a 
short pickup wire as a substitute an¬ 
tenna. Place the free end near the 
digital display and check it on all ham 
bands. If you hear any high pitched 
birdies, reconnect your station anten¬ 
na and see if you can still hear them. 
If not, you probably have nothing to 
worry about. But if you do notice any 
counter noise, try a small piece of 
screening to bottle it up — provided 
the manufacturer shielded the read¬ 
out assembly on the inside of your 
receiver. 


wire antennas for 10 and 6 

It's fun to build antennas! And you 
don't need an advanced degree in 
computer engineering to do it. There 
are plenty of simple wire antennas 
that you can build in a few hours, an¬ 
tennas that will outperform the popu¬ 
lar ground plane or dipole. This is 
especially true on 6 and 10 meters, 
where high-gain antennas become a 
manageable size. 

Shown in this section are two wire 
beam antennas for these bands. The 
first is a stack of dipoles and the sec¬ 
ond is a simple V-beam. Both designs 
were popular years ago but have 
been obscured by the rotary Yagi and 
quad. 

Even if you don't have room or 
money for a rotary, you can build one 
of these simple beams for just a few 
dollars. They have a bi-directional 
(figure 8) pattern, like the dipole, and 
they provide worthwhile gain on both 
transmit and receive. 

The dipole stack beam is shown in 
fig. 1. The array consists of two di¬ 
poles, one above the other, the lower 
dipole fed from a coaxial transmission 
line. The dipoles are cross-connected 
by an open wire line, as shown in the 
illustration. Power gain is about 4 dB 
or more over a dipole when the bot¬ 
tom of the antenna is at least one-half 
wavelength above ground. Dimen¬ 
sions for the two bands are given in 
the illustration. The two-wire inter¬ 
connecting line is made of No. 16 
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enamel wires, spaced 3 inches apart. 
The spacers are made of Lucite® or 
plastic rods about 4 inches long. They 
are drilled to pass the wires, which 
are tied to the insulators with short 
sections of scrap wire. A half-twist is 
given to the line to reverse the con¬ 
nections at the opposite ends. 

The stack beam is fed at points F-F 
with either a 50 or 75 ohm coaxial 
line. Feedpoint impedance at reso¬ 
nance is about 60 ohms so the SWR 
at antenna resonance should be well 
below 1,5-to-l using either cable. The 
antenna is hung in the vertical plane, 
broadside to the direction or radia¬ 
tion. The coaxial line is wrapped into 
a four-turn coil directly below the 
feedpoint, to decouple the outside of 
the line from antenna currents. Keep 
the decoupling coil at right angles to 
the antenna wires. 

The bottom of the antenna should 
be at least as high above ground as 
dimension B — the higher the better. 

The V-beam is shown in fig. 2. The 
wires are parallel to the ground and 
their length (2-1/4 wavelengths) plus 
the selection of the included angle 
between the wires provides a bidirec¬ 
tional array which shows a power 
gain over a dipole of about 4.5 dB. 
Feedpoint resistance of the antenna 
is matched by the use of a 50-ohm 
transmission line and a 75-ohm quar¬ 
ter-wave impedance-transforming 
section, as shown in the illustration. 

The beam is constructed of No. 16 
enamel wire. Either hard-drawn wire 
or prestretched softdrawn wire is rec¬ 
ommended. The coaxial transformer 
section of the line is wrapped into a 
four-turn coil directly at the feedpoint 
to decouple the outside of the line 
from antenna currents. At the design 
frequency, the measured SWR on 
the line should be below 1,5-to-l. For 
best results the V-beam should be 
mounted at least one-half wavelength 
aboveground. 

One nice fact about both of these 
beam antennas is that they are virtu¬ 
ally invisible once they are up in the 
air. That's a plus if you live in a neigh¬ 
borhood that has an anti-ham bias! 

ham radio 








Three different versions of the receiver, two of which have 
been expanded into transceivers. The one on the left is the 
original which was built in modules. It uses a cabinet avail¬ 
able from Radio Shack, and a homemade front panel. On 
the top right is the basic receiver described in this article. It 
uses an inverted chassis with cover plate. Wooden rails 
have been added to both sides and an aluminum trim strip 
adds a finishing touch to the front panel. A bar graph dis¬ 
play has been used here instead of an S-meter. It is mounted 
just above the digital readout. On the bottom right is a unit 
built by Bob Kirby, WA3DYF. His version includes an anten¬ 
na tuner, so that a random length wire can be used as an 
antenna. 


modular two-band receiver 


State-of-the-art circuitry 
with digital frequency readout 


I have often been impressed by the many excel¬ 
lent articles which have been published about my 
favorite subject — communications receivers. A 
problem I have found with most of the articles, how¬ 
ever, is that duplicating some of the circuits is often 
difficult. Some receivers use surplus or discontinued 
parts, or parts not readily available. In some cases ex¬ 
tremely expensive, custom-made components are 
used. 


There is no reason why a top-quality, high-per¬ 
formance receiver should cost a small fortune to 
build — or require a bench full of sophisticated test 
equipment to adjust. You can build a receiver for less 
money than you would have to spend to purchase 
one of similar performance. 

This article describes my answer to these prob¬ 
lems. Here is a reliable, high-performance Amateur 
communications receiver that will perform as well as 
some of the best receivers available to Amateurs 
today. The basic two-band design can be expanded 
to cover the other bands, and, with the addition of 
two boards, can operate as a transceiver on CW and 
SSB. 

the evolution of the design 

The typical receiver should be able to handle 
strong signals (both on and off frequency), such as 

By Jim Forkin, WA3TFS, 3210 Shadyway 
Drive, Pittsburgh, Pennsylvania 15227 
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those typically found under Field Day type operation. 
Many otherwise excellent receivers sold to Amateurs 
are terrible at this. Manufacturers, in an attempt to 
improve poor dynamic range, add an attenuator to 
the front end of their receiver. This does not really 
cure the problem, but substitutes one problem for 
another. Yes, the receiver no longer overloads on 
strong signals, but now the operator can hear only 
the strongest signals. It should not be necessary to 
use an attenuator or to run an rf-gain control at less 
than maximum sensitivity under any type of opera¬ 
tion encountered on the Amateur bands today. 

Most interference heard on the lower Amateur 
bands is generated in the receiver. Poor dynamic 
range, as well as excessive gain in the front end, are 
usually to blame. Selectivity in the front end and i-f 
are also factors which are not given proper consider¬ 
ation in many designs. 

A typical receiver should have excellent calibra¬ 
tion. Digital readout is by far the best way to achieve 
this. Also, a digital-readout system eliminates the 
need for a mechanical dial drive, which can be ex¬ 
tremely difficult to construct in the typical home 
workshop. 

The receiver must have selectivity suitable for both 
SSB and CW reception. In this design, a KVG XF9B 
eight-pole crystal filter has been used. This filter is 
readily available, reasonably priced, and has excel¬ 
lent skirt selectivity, (see table 1). An audio filter 
with a bandwidth of less than 200 Hz can be switched 
in before the audio amplifier to help slice through the 
thickest QRM. 

Any modern rig should, ideally, be able to operate 
on 12 volts dc. This not only simplifies portable oper¬ 
ation, but during an emergency, this feature may 
save the day. Even during the worst disaster, a truck, 
auto, or motorcycle battery can provide enough 
power to get the communications started. The re¬ 
ceiver draws only about 100 mA at normal volume 
level. 


With emergency and portable operation in mind, 
small size and minimum weight are nice features to 
consider. One weight- and time-saving method in¬ 
volves eliminating the mechanical dial drive, readout, 
and tuning capacitor. I used a Jackson Brothers 6:1 
reduction drive, which turns a ten-turn potentiom¬ 
eter, giving sixty turns to cover a 500-kHz band. The 
regulated voltage from this control is used to tune 
the VFO. Since the varactor diodes in the VFO re¬ 
quire only a dc voltage, the packaging of the various 
boards needs not be influenced by any mechanical 
considerations. This packaging flexibility opens up a 
few new possibilities. 

If mobile operation is contemplated, a remote- 
mount type of packaging could be used. The main 
receiver board, along with the VFO and BFO, could 
be in one box. The digital readout, tuning control, 
volume control, and S-meter, in a small box mounted 
under the dash, would complete the receiver. This 
idea is especially attractive for use in the small cars 
which are becoming so popular. 

Finally, and of major importance, any circuit used 
in a receiver should be entirely reliable. By this I mean 
that only readily available, well-proven, solid-state 
devices should be used in circuits which are easy to 
duplicate without problems of instability. No 
changes or critical adjustments should be required to 
get the receiver working the first time. 

In this design, I have relied heavily on the use of in¬ 
tegrated circuits. This cuts size, complexity, and 
cost. The design has shown itself to be reliable and 
trouble-free. I know of no better way to put two 
pounds of circuitry into a one pound box. 

the design 

The two-band receiver consists of six printed cir¬ 
cuit boards (see block diagram in fig. 1). The main 
receiver board contains the mixer, i-f filter and ampli¬ 
fier, product detector, AGC circuitry, active audio fil¬ 
ter, and audio power amplifier. Other boards include 
the VFO, BFO, the voltage regulator and S-meter 
board, and the digital-readout board. Both of the 
bandpass filters are on one board. 


table 1. Specifications for the KVG XF-9B filter, 
application 

number of filter crystals 
bandwidth (6 dB down) 
passband ripple 
insertion loss 

input-output R, 

termination C, 

shape factor 
stop band attenuation 


SSB/RX 

8 

2.4 kHz 
<2 dB 
<3.5dB 
500 ohms 
30 pF 
(6:60 dB) 1.8 
(6:80 dB) 2.2 
>100dB 
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bandpass filters 

Each band has its own double-tuned bandpass fil¬ 
ter (fig. 2). This filter design has good rejection of 
unwanted signals both above and below the band of 
interest. 2 The two coils for each band are wound on 
ferrite cores and tuned with ceramic or mica trimmer 
capacitors. 3 (See table 2.) Once initially adjusted at 
the center of each band, the filters require no other 
tuning or adjustments. 

One drawback of this type of front-end filter is the 
fact that the antenna must present a 50-ohm load. 



fig. 2. Schematic diagram (A) of the bandpass filters, 
and parts location |B). All coils are wound on a toroidal 
core as shown by |C); see table 2 for values. The tabs 
on trimmer capacitors are bent outward and soldered 
to the circuit board as in (D). All parts are on foil side of 



Two more versions of the receiver, both of which have been 
expanded in function. The one on top has been designed for 
mobile use. It is built in a compact package measuring only 
4x7x11 inches. The cabinet is formed by using two chas¬ 
sis fastened together with a top and bottom cover. A sepa¬ 
rate front panel hides the seam where the two chassis join 
together. The bottom unit is the dual-diversity unit men¬ 
tioned in the article. Note the two dot displays to the left of 
the digital readout. These give a direct comparison of signal 
strength on each channel. 


Severe mismatch at the antenna will detune the filter 
and cause a loss in sensitivity. It is not possible to just 
hang a wire on the antenna input and obtain good re¬ 
sults. With a matched antenna, the filters are ex¬ 
cellent. 


table 2. Component values for the bandpass filters. 
Cl, C3. and C5 are silver-mica capacitors. Coils are 
wound with No. 28 enamel wire. 

C1-CS C3 C2-C4 L1-L2 

80 meters 100 pF 12 pF ARC0 464 35 turns on 

T37-2 core Ired) 

20 meters 15 pF 2pF ARCG462 27 turns on 

T37-6core (yellowl 


the mixer 

Initial experiments with the mixer stage involved 
double-balanced diode mixers, but these were re¬ 
jected in favor of a dual-gate mosfet stage, as shown 
in the receiver-board schematic (fig. 3). 

In theory, the diode double-balanced mixer is, per¬ 
haps, the ultimate design. However, in practice, the 
maximum capabilities of this device are rarely achieved 
in a home-built receiver. 

The diode mixer, in order to work properly, must 
be terminated at all frequencies present — not just 
the i-f. This requires a circuit called a diplexer. This 
circuit can be very difficult to get working properly 


July 1983 Q9 55 





with simple test equipment. This type of mixer exhib¬ 
its a loss and also requires a high-level local-oscillator 
signal. This not only consumes extra power, but 
makes interstage coupling of the local oscillator sig¬ 
nal a problem. 

A dual-gate mosfet mixer, on the other hand, is 
not in the least bit temperamental, and good per¬ 
formance can be obtained without any adjustments. 
The drain is terminated in the eight-pole crystal filter. 
Impedance matching is handled by a 510-ohm resis¬ 
tor in the drain circuit of the mixer, which approx¬ 
imates the 500-ohm input impedance of the KVG 
filter. 

the intermediate 
frequency amplifier 

The local-oscillator signal and the desired incom¬ 
ing signal are mixed (heterodyned) to produce an 


output signal at the i-f center frequency of 9.0 MHz. 
This signal is then passed through the eight-pole 
crystal filter with a - 6 dB bandwidth of 2.4 kHz. The 
outstanding skirt selectivity of this filter (1.8 shape 
factor) rejects off-frequency signals very well. It is 
this selectivity which allows you to separate the 
closely spaced signals which are common on the 
Amateur bands. 

The signals at the output of the crystal filter must 
be amplified, of course, and this is handled by an in¬ 
tegrated circuit which provides about 50 dB of gain 
and a bit more than 60 dB AGC control. 

Although this eight-pin chip appears quite simple, 
the MC 1350 is really quite sophisticated.' It is also in¬ 
expensive. The gain of this stage is controlled by 
applying a voltage of 5 volts or greater to pin 5. An 
increase in voltage on this pin causes a decrease in 
gain in the chip. 
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. Component placement guide for the receiver board, viewed from the compoi 
it board in the background. 




The printed circuit board (fig. 4) is designed so 
that the entire i-f amplifier stage, along with the crys¬ 
tal filter, can be diode or relay switched whenever 
this receiver is modified for use as a transceiver. 

Although it was not included in the original design, 
a two-pole crystal filter was added at the output of 
the i-f amplifier. This was not necessary to realize ex¬ 
cellent performance in the receiver, but it does pro¬ 
duce a quieter receiver by eliminating most of the 
noise generated in the i-f amplifier. The use of the fil¬ 
ter is especially noticed and appreciated when copy¬ 
ing extremely weak signals near the noise floor of the 
receiver. 



The low cosi involved by adding the two-pole filter 
is justified by the increased performance. The filter 
can be added without modification to the printed cir¬ 
cuit board. 

the product detector 

I have experimented extensively over the past sev¬ 
eral years with direct conversion receivers (synchro¬ 
dyne) and have found that the RCA CA3028-A inte¬ 
grated circuit works very well as a product detector. I 
have, therefore, used this device in this receiver. It 
exhibits good gain, low noise, excellent stability, low 
distortion, and a reasonable level of recovered audio. 
BFO level requirements are reasonable and non-criti- 
cal. This chip also handles strong signals very well 
and this ability simplifies the design of the AGC 
system. 

the audio stages 

Detected signals from the product detector are 
coupled through an audio interstage transformer to 
the following stages. If more selectivity is desired for 
the reception of CW signals, the audio is routed 
through an audio filter. 

Operational amplifiers have made filtering for 
selectivity at audio frequencies a practical method to 
use in the design of a new receiver or to improve an 
older receiver. This receiver uses a design based on 
an MC1458 dual-operational-amplifier integrated cir¬ 
cuit. No critical parts are required, as experiments 
have shown that excellent performance can be ob¬ 
tained using typical 5 percent resistors and polysty¬ 
rene capacitors. When it comes right down to it, it is 
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The main receiver board. Note the shielded wiring used on 
all audio and rf connections. From left to right are the mixer, 
crystal filter, i-f amplifier, product detector, AGC circuit, 
audio filter, and audio amplifier. 



Three of the assembled boards. From left to right they are 
the digital readout board, the VFO. and the bandpass-filter 
board for 80 and 20 meters. A shielded control line goes to 
the VFO. 

not important whether the center frequency is at 1.0 
kHz or 1.1 kHz, or that the bandwidth at -6 dB is 
200 Hz or 210 Hz. The design specifications call for a 
bandwidth of about 200 Hz at -6 dB, and a center 
frequency of 1.0 kHz. This is wide enough to elimi¬ 
nate any ringing tendency, yet narrow enough to cut 
through some of the worst interference. 

One of my most basic concepts of receiver design 
is that simple is usually best. This idea is carried to 
the extreme when you consider the audio output 
stage. Only three parts are needed. The LM380-N in¬ 
tegrated circuit will provide about 2 watts output in 
this configuration. It has low distortion, good gain, 
and is ev$n thermally protected so you don't have to 
be concerned if the speaker becomes disconnected. I 
have used this receiver mobile and have found the 
audio output to be more than adequate when con¬ 
nected to an external speaker of good quality. The 
output stage will drive any load between 3 and 16 
ohms. Don't ruin the excellent audio quality of this 


receiver by using an inferior speaker. Any of the 
many CB-type mobile speakers should be a good 
choice. 

Incidentally, the audio chip has two input pins. 
One is used here, the other left floating. If the re¬ 
ceiver is used as part of a transceiver, the other pin 
can be connected to the sidetone oscillator. 

the AGC system 

After weeks of experimenting with both audio- and 
rf-derived AGC systems, it became apparent that an 
audio-derived, full-hang AGC system worked best 
under signal conditions ranging from casual rag- 
chews to weak-signal CW work, DX pileups, and 
Field Day QRM. 

Perhaps you have used a receiver and noticed that 
the S-meter (actually an indicator of AGC action in 
the receiver) would deflect up scale on signals not 
even detected in the audio output. This is typical of 
receivers using rf derived or i-f derived AGC systems 
that do not have sufficient selectivity ahead of the 
detectors for the AGC. 

Because of this problem, the desired signal com¬ 
pletely disappears or appears to become very weak 
because of the AGC action. Obviously, this is not an 
ideal situation. The receiver sensitivity should be 
totally controlled by the signal you wish to detect, 
not by QRM. 
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In practice, this is nearly impossible to do. But, 
through the use of selective filters and an audio-de¬ 
rived AGC system (as used in this receiver), this ideal 
comes closer to reality than you find in many com¬ 
mercial receivers. 

A signal, first of all, must be detected and be pres¬ 
ent in the product-detector output to produce any 
AGC action. The strength of this signal determines 
how much AGC voltage will be applied to the i-f am¬ 
plifier stage. When the need for a control voltage no 
longer exists, an FET switch is turned on, thereby 
shunting this voltage to ground, which brings the re¬ 
ceiver back to maximum gain within a period of time 
determined by the time constants. The type or 
strength of the signals received does not affect this 
hold-in time. This type of circuit is discussed in 
greater detail in an ARRL publication.' 

Two AGC time constants are available. The slower 
one is excellent for general SSB and CW use and the 
faster oneallows good copy under adverse conditions. 

the BFO 

The beat-frequency oscillator is crystal controlled 
for stability. The circuit consists of two oscillators 
which share a common output tuned circuit (see 
figs. 5 and 6). The upper and lower sideband crystals 
are selected by grounding the appropriate control 
line. This board, like all the others, can be placed 
anywhere in the cabinet. Since only dc is being 
switched, it is not necessary to keep the control 
wires very short. 

Each crystal has a trimmer capacitor so it can be 
set exactly on frequency. Another trimmer capacitor 
peaks the output tuned circuit at 9.0 MHz. 

the VFO 

Readers who are familiar with synthesized 2-meter 



equipment will probably recognize the MC1648 inte¬ 
grated circuit used in the VFO (figs. 7 and 8). It has 
become fairly common in VHF equipment but has 
not been used before, as far as I know, in a high-fre¬ 
quency receiver. It operates very well in this config¬ 
uration. 

One problem which may occur when using this in¬ 
tegrated circuit is that it can oscillate above 250 MHz. 
The high-frequency oscillation is prevented by link 
coupling the tuned circuit to the 1C through an rf 
choke. This low value inductance, as well as short 
lead length, proper pc board layout, and proper by¬ 
passing, prevents instability. 
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fig. 10. Parts placement of the frequency readout board with a printed circuit board in the background. The display is 
NSB5881 by National Semiconductor. To calibrate the readout, check against a freqency counter or calibrated receiver 
and adjust the 1-10 pF trim capacitor until readout is correct. Note that the first figure (MHz| of the VFO frequency (or the 
received frequency) is not displayed. Example: 5243.6 kHz (VFO) will be displayed as 243.6. Similarly. 14243.6 kHz will be 
displayed as 243.6 on the readout. 


Two varactor diodes are biased by a regulated dc 
voltage which is controlled by a panel-mounted ten- 
turn potentiometer. A Jackson Brothers 6:1 vernier 
drive gives good bandspread. 

VFO output is amplified and buffered by a Class-A 
2N3866 stage. Output from the buffer is applied to 
the mixer stage in the receiver. Output to the digital 
readout is taken via a capacitor from the collector of 
this stage. This eliminates the need to add pulse 
shaping in the digital counter. 

The regulated voltage, which is used to tune the 
VFO, is derived from a 6-volt, three-terminal inte¬ 
grated-circuit regulator which is mounted on the S- 
meter/voltage-regulator board. 

Temperature compensation was found to be 
unnecessary for base-station applications. After a 
short warm-up period the drift is low enough to allow 
me to copy the ARRL RTTY bulletins without retun¬ 
ing. If you wish to use your receiver under adverse 
conditions, such as might be encountered during 
mobile operation, it may be necessary to add some 
sort of temperature compensation. Several schemes 
have been published and just about any of them will 
work. One simple method I suggest is to wire a 120- 
pF N750 ceramic capacitor in series with a low-value 


piston trimmer (approximately 2-5 pF) across the two 
varactor diodes. The trimmer should be adjusted to 
mid-range with a cold receiver. Hook a frequency 
counter to the VFO output and turn on.the receiver. 
Plot the drift over about an hour's time. If drift is ex¬ 
cessive, adjust the trimmer slightly, allow the re¬ 
ceiver to cool and try the test again. This takes quite 
a bit of time, but once the magic combination is 
found, no further adjustment is needed. 

digital readout 

From the initial planning stages of this receiver, I 
decided to use a digital frequency display, but did not 
want the high current consumption, heat, or com¬ 
plexity of the usual designs. An Intersil LSI counter 
chip, along with three other integrated circuits, pro¬ 
vides a four-digit readout with an accuracy of ± 100 
Hz (fig. 9) with a components layout and printed cir¬ 
cuit board shown in fig. 10. 

The counter counts the VFO output and displays 
the last four digits. This corresponds to the frequen¬ 
cy of the received signal. For example, a received fre¬ 
quency of 14,230.6 kHz is displayed as 230.6. On 80 
meters, the counter counts down so that a received 
frequency of 3,976.8 kHz is displayed as 976.8. 
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Current consumption with this design is very low, 
and no noise from the counter can be heard in the 
audio output. The time base for the counter is a 
5.24288 MHz crystal. 

S-meter/voltage regulator 

A meter amplifier designed to drive a low-current 
meter is included on this board (see figs. 11 and 12). 
The meters are readily available as CB surplus. Their 
current ranges are between 50 and 250 /iA, and their 
cost is very low. A trim pot is used to set the meter to 
zero under no-signal conditions. Sensitivity of the 
amplifier is adjusted by changing the input resistor. 

The board also holds a 6-volt, three-terminal inte¬ 
grated circuit and trim pots to set the upper and 
lower tuning range of the VFO. The trim pots should 
be set to allow a tuning range of about 4990 kHz to 




fig. 12. Parts placement guide for the voltage-regula- 
tor/S-meter board, component-side view with a print¬ 
ed circuit board in the background. 


5510 kHz. This range could be extended slightly to 
allow tuning in MARS or CAP frequencies. 

tuneup 

Tuneup is a breeze! 

1. Set BFO to frequency on either upper or lower 
sideband. 

2. Peak i-f amplifier for maximum signal strength. 

3. Peak bandpass filters for maximum at the center of 
each band. 

4. Set AGC level at + 5 volts with no signal on the 
input. 

5. Set the timebase for the display on the digital dis¬ 
play board so that the displayed frequency isaccurate. 

6. Set trimpots on the VR/S-meter board for the 
proper tuning range. 

7. Set the zero adjust for the meter with no signal 
input. 

8. Repeat as needed. 

This receiver has been compared with some of the 
best available to Amateurs; in all cases it's held its 
own. The receiver sounds much quieter than any of 
the other receivers. Signals seem to pop out of the 
background. There is no roar of noise in the speaker 
when no signal is being received. 

Single-tone dynamic range tests at 14.2 MHz work 
out to about 124 dB (table 3). This is with a signal 


table 3. Specifications for the two-band receiver. 

tuning range 3.5 to4.0 MHz 

14.0 to 14.5 MHz 

VFO frequency 5.0 to 5.5 MHz (remotely tuned 


9.0 MHz center frequency 
USB: 8998.5 MHz 
LSB: 9001.5 MHz 
5.24288 MHz crystal 


requirements 

selectivity 


blocking 


± 100 Hz 

+ 12 Vdc; on-board regulation 
supplied as needed 
approximately 100 mA at medium 
volume setting 
SSB: 2.4 kHz (6 dB down) 

1.8 shape factor (6.60 dBI 
2.2 shape factor (6.80 dBI 
CW: peak type audio filtering; ap¬ 
proximately 1-kHz center frequen¬ 
cy with 6-dB bandwidth of 200 Hz 
Better than 120 dB. (20-kHz 
spacing. 1- ( iV received signal 
strength at 14.2 MHz) 
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RADIO 

DIRECTION FINDER 

The SuperDF 


Inexpensive kit and assembled units for use 
with Hand-Held, Mobile, or Base Station. 
100 to 260 MHz or 200 to 550 MHz with 
one antenna. Non-ambiguous. No 
overloading. Use with unmodified HT, 
scanner, or transceiver. No attenuator or 
"S" meter needed. Can DF signals below 
the noise. Averages out local reflections 
while mobile-in-motion. Used by FCC, 
US Army, State of California. Coast Guard 
Aux. Prices start at S125. For details 
send SASE to; BMG Engineering, 9935 
Garibaldi Ave, Temple City, Cal, 91780 

o o o'" 


(Of restoration and eventual museum exhibit. Need Halil- 
cratters, National. Hammarlund, Patterson. RCA. RME, 
Grebe, etc. Condition not important. Also need QST 
mags Vols. I & II and old tubes. Ail letters answered. 
Write Dave Medley. WA5YXA, 8621 Dullield Drive. Dal¬ 
las Texas 75248 

WANTED: Schematics-Rider, Sams or other early publi¬ 
cations. Scarameila. P.O. Box 1. Woonsocket. Rl 
02895-0001. 

BACK ISSUES ot Ham Radio, QST. CQ and 73 magazines 
in good condition. I960 thru 1980. Sold by the year only, 
$12.00 per year postpaid. Bill Du Hart. W4VMS, 3846 Win¬ 
ona. Pensacola, FL 32504. 

WANTED: Early Haillcralter "Skyrlders" and “Super Sky- 
riders" with silver panels, also “Skyrider Commercial". 

Haillcralter gear, parts, accessories, manuals. Chuck 
Dachis, WD5EOG, The Haillcralter Collector. 4500 Rus¬ 
sell Drive, Austin, Texas 78745. 

WANTED: 2C39 tubes lor local repeater. Must be good. 
Ken Booher, 1421 Williamsburg Rd., Flint. Ml 48507, (313) 
238-8272. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO 
toG.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. 
SASE brings information. 

I AM INTERESTED in setting up a regular sked with other 

esses ol Photography such as Carbro, Bromoil, Oil 
Transfer, etc. PlBase contact W20QK, Tracy Diers, 58-14- 
84th SI.. Elmhurst, NY 11373. 

receivers with Collins filters and other DX modilica- 
t ions I Catalog 50c (refundable). Radio West, 3417 Purer 
Rd., Dept HR. Escondido, CA 92025 (619) 741-2891. 

GROUND RADIALS WORK. Solve your vertical antenna 
radial problems with the fantastic ground plane one 

fits any 2" diameter or smaller mast. Radial problems 
solved lor only $24.95. Send an SASE for photos and bro¬ 
chure. Lance Johnson Engineering, P.O. Box 7363, Kan¬ 
sas City, MO 64116. 

VERY ln-ler-est-ing! Next 5 issues $2. Ham Trader 
"Yellow Sheets", POB356, Wheaton, IL 60189. 

SIGNAUONE transceiver, model CX-11A. Solid state 1.5 
to30 MHz, lull QSKcw, 150 watt model. Very clean, lltlle 

Diego, CA 92123, or call (619)278-9333 for details. 

CB TO 10 METER PROFESSIONALS: Your rig or buy 
ours - AM/FM/SSB/CW Certified Communications, 
4138 So. Ferris. Fremont. Michigan 49412; (616) 
924-4561. 

SIGNAUONE transceiver, model CX-7B. One lube in 
transmitter. Carefully modified power supply, all produc¬ 
tion updates, receiver RIT, and more. Unit includes spare 
PA lubes and power supply components. Contact Mike 
Russell. WB5CSO. at 8668 Celestine Avenue, San Diego, 
CA 92123, or call (619) 278-9333 for details. 

HAMS FOR CHRIST - Reach other Hams with a Gospel 
Tract sure to please. Clyde Stanfield. WA6HEG. 1570 N. 
Albright, Upland. CA 91786. 

WANTED. MILITARY SURPLUS RADIOS. We need Col¬ 
lins 61ST. ARC-94, ARC-102, 718F-2, MRC-95. MRC-108, 
VC-104, 671U. RT-712/ARC-105. RT-804A/APN-171, 
ARC-114, ARC-115, RT-823/ARC-131 or FM-622, RT-857/ 
ARC-134 or Wilcox 807A, ARC-159, ARC-164, RT-859/ 
APX-72, APN-153, Antenna Couplers 490T. CU-1658A, 
CU-1669A, CU-1239/ARC-105. Sperry Rand 3226A1. 
3226B1, 490B-1. 690D-1. Top dollar paid or trade lor now 
amateur gear. Write or phone Bill Slep, 704-524-7519. 
Slop Electronics Company, Highway 441. Otto, NC 


IBM-PC RTTY & ASCII. SASE for lull details. E. Alllne, 
NE5S, 773 Rosa. Metairie. LA 70005. 

VARIABLE VOLTAGE SUPPLY. 0-25V, 3A. Kit $50. 
P O. Box 18632, Austin. TX 78760. 

LOW VOLTAGE MEMORY ADAPTER for your present 
Voltmeter $25.00-♦ $1.00 shipping to: Hollan Electron¬ 
ics. P.O. Box 18632. Austin. TX 78760. 

CUSTOM P/C BOARDS. Send schematic lor quotes. 1-4 
transistors and/or IC s, S15 single board. Orders of 1-10 
please enclose payment. Hollan Electronics. P.O. Box 
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TU-470 

• Full featured RTTY to 300 baud 
plus CW terminal unit. 

• 3 Shifts, active filters, remote 
control, xtal AFSK, FSK, plus 
much more. 

Suggested retail price.. $499.95 

Introductory offer. $429.95 

Offer Expires 9-1-83 



TU-300 

• RTTY terminal unit to 300 baud. 

• 3 Shifts, active-filters, xtal AFSK, 
FSK, plus more. 

kit $289.95 

wired $399.95 

TU-170A 

• Single shift RTTY terminal unit. 

• Xtal AFSK, FSK, active-filters and 
more. 

Kil $189.95 

wired $289.95 



TU-170 

• Single shift RTTY terminal unit. 

• Low cost, AFSK, active-filters. 

$149.95 
(Kit only) 



DM-170 

• Single shift RTTY demodulator. 

• Low cost, active-filters, autostart. 

$47.95 
(Kit only) 

sales only 

1-800-HAM-RTTY 


© 


Flesher Corporation 

P.O. BOX 976 
TOPEKA, KS. 66601 
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spacing of 20 kHz. A CW signal of 0.2 is very easi¬ 

ly copied. 

At the time of this writing, the receiver which I 
have described has been duplicated several times 
with consistent results. The receiver design has since 
been expanded to include two other boards which 
give it transceive capability on SSB and CW. This 
combination has been used to work forty-six states 
and several countries. Output power is four watts. 

I have also designed a heterodyne-oscillator board 
that allows the receiver to be used on 160 through 10 
meters. 

packaging 

The photographs show a few ideas for packaging 
your receiver. One uses a cabinet available from 
Radio Shack and other similar stores. Other versions 
are built into aluminum chassis which are used as 



cabinets. Surplus cabinets salvaged from old test 
equipment can be found for a minimal price. One of 
the receivers shown makes use of two standard Bud 
chassis (AC402 — 7 x 5 x 2 inches) assembled top- 
to-top with a front panel. 

A very economic approach is to strip out an old 
low-cost receiver or transmitter. This will provide you 
with not only the chassis and cabinet, but also all the 
hardware you may need. Because of the design of 
the receiver, you need not worry about the mechani¬ 
cal arrangement of the various controls, as every¬ 
thing is switched with voltages. An old CB trans¬ 
ceiver is another possibility. A new paint job and 
some rub-on letters will give a modern appearance. 
The only limit to the project is your imagination. 

conclusion 

Experiments have been performed using this de¬ 
sign in a dual-diversity configuration, with excellent 
results. Basically, the design consists of one VFO 
board, one BFO, a digital frequency readout, two re¬ 
ceiver boards, one audio stage, and a logic board to 
complete the hook-up. 

This entire project has been approached from the 
viewpoint of an Amateur Radio operator, rather than 
as an engineer. It is relatively inexpensive and pro¬ 
vides maximum performance at minimum cost, com¬ 
pared to receivers of similar performance. The design 
is easy to build, adjust, and package. None of the cir¬ 
cuits are unstable, nor do they require any tinkering 
to achieve best performance. Best of all, the very 
nature of the design project promotes experimenting 
in the fascinating field of communication receivers. 

As I have done with several of my projects, I have 
assembled several kits of parts for this two-band re¬ 
ceiver. The kit includes all six pc boards and all parts 
needed to assemble them. A four-digit, 14-inch dis¬ 
play and a Jackson Brothers vernier drive are also in¬ 
cluded. Documentation includes schematics, parts 
lists and layouts, block diagrams, and instructions. 
Drilling templates are provided for the version using a 
2 x 7 x 11 inch (5 x 17.8 x 27.9 cm) chassis as a 
cabinet, fig. 13. The builder must supply the hard¬ 
ware, wiring, and cabinet. The cost of the kit is $320 
here in the United States. Please send an SASE to 
the author with any inquiry. 

references 

1. Wes Hayward and Doug DeMaw, Solid State Design for Radio 
Amateurs, ARRL Inc., Newington, Connecticut 06111, pages 89, 92-94, 

2. Doug DeMaw, ARRL Electronics Date Book, ARRL Inc., Newington, 
Connecticut 06111, page 55. 

3. Toroid Core Data Sheets, Amidon Associates, 12033 Otsego Street, No. 
Hollywood, California 91607. 
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Thousands of hard-to-find 

products for building, testing, and repairing 

electronics. Everything is easy to order by 

phone or mail, ready for immediate delivery. 

Contact East—Dept. 0218 

7 Cypress Drive, Burlington, MA 01803 

In a hurry to rece/ve your catalog? 

Call (617) 272-305*. 


BUY • SELL 
TRADE 

ELECTRONICS 


NUTS & VOLTS 

The Nation’s Hi Electronic 
Shopper Magazine 

PO BOX I I I l-H • PLACENTIA. CA 92670 
(7141 632-7721 

Join 1000's of Readers Nationwide 
Each Month 

U.S.A. SUBSCRIPTIONS 

S 7.00 - I YEAR 3RD CLASS MAIL 
$12.50 - I YEAR 1ST CLASS MAIL 
S 2S.00 - LIFETIME - 3RD CLASS MAIL 
With Free Classified Ad 



Charles, IL 60174 Advance tickets 




KENTUCKY: The Bluegrass Amateur Radio Society will 

AM to 5 PM. August 14, Scott County High School. Long- 
lick Road and US 25. Georgetown. Toch lorums. awards. 

B. Bono, WA40NE 9 P.0. Box 4411. Lexington. KY 40504. 
LOUISIANA: The Central Louisiana Amateur Radio Club 

and 31, Bolton Avenue Community Center, Alexandria. 
Swap tables available. For information: KA5HCJ, Central 
Louisiana ARC. P.O. Box 68. Alexandria. LA 71309. 

MARYLAND: BRATS, the Baltimore Radio Amateur Tele¬ 
vision Society's famous Maryland Hamlest. Sunday, July 
31, Howard County Fairgrounds. West Friendship, 15 
miles west ol Baltimore. Fairgrounds available lor setup 
Saturday. July 30 al 2 PM. Overnight RV facilities. Talk in 


MICHIGAN: The Hiawatha Amateur Radio Association is 
celebrating its Golden Anniversary by sponsoring Ihe 
35th annual Upper Peninsula Hamlest. July 30. 9 AM to 5 
PM. Michigan National Guard Armory, Ishpeming. Regis 

146.16.76. Come and help us celebrate! For information: 
George Lehitnen, W8IOC. 100 N. R2. Ishpeming, Ml 
49849. (906)485-5038. 
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audio filter building blocks 


Active filters 
in theory and practice 

In single-sideband and CW communications, 
the received audio signals are simple frequency- 
translated versions of the rf signal received at the 
antenna. This translation is accomplished by one or 
more mixer stages. The receiver block diagram usual¬ 
ly includes an intermediate-frequency (i-f) stage that 
does most of the filtering to obtain selectivity. That 
is, this stage passes the desired signal on through but 
rejects any unwanted signals. 

Fig. 1 is a block diagram of a simple receiver, 
which consists of a mixer and variable oscillator, i-f 
amplifier/filter, product detector, oscillator, and 
audio amplifier. The mixer and its variable oscillator 
translate the incoming signal from its original fre¬ 
quency to the i-f frequency. The i-f amplifier is also 
labeled as a filter since it has a bandpass frequency 
response and performs most of a receiver's filtering 
for selectivity. The output of the i-f stage is trans¬ 
lated by the product detector to audio frequencies 
which are then fed to the audio amplifier and 
speaker. Since the signal present at the audio ampli¬ 
fier is a frequency-translated version of the signal at 
the i-f stage, filtering at the audio stage is equivalent 
to filtering at the i-f stage. Thus, receiver selectivity 


can be improved by adding an audio filter between 
the output of the receiver and the speaker or head¬ 
phones. 

In practice, audio filtering has a few disadvantages 
when compared with i-f filtering. Any automatic gain 
control (AGC) action that takes place in the i-f be¬ 
cause of a strong interfering signal may wipe out the 
desired signal, regardless of how good the audio fil¬ 
tering may be. Also, any distortion introduced in the 
i-f system due to interfering signals cannot be com¬ 
pletely eliminated by audio filtering. However, audio 
filtering does improve reception and, since it can be 
added externally, no receiver modifications are 
necessary. 

building blocks 

Here are some basic building blocks which can be 
used either individually or in cascade to produce a fil¬ 
ter which meets your needs. These filters will all have 
unity gain (0 dB) in the passband to simplify their in¬ 
terconnection. All of the op-amps have been designed 
to use a single 12-volt supply. The circuits draw little 
current (typically 10-20 mA), so any simple power 
supply or battery can be used. 

cw filter 

A very simple active audio filter for CW can be 
made using a state-variable filter (see fig. 2). 1 This fil¬ 
ter has a bandpass characteristic which can be of 

By Bob Witte, KB0CY, 2227 114th Drive, N.E., 
Lake Stevens, Washington 98258 
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fairly high Q (very selective), and the center frequen¬ 
cy of the filter can be varied using one variable resis¬ 
tor. The bandpass can also be varied, but two resis¬ 
tance values must be changed to keep the bandpass 
gain constant. The values shown give a 3-dB band¬ 
width of 100 Hz and 400 Hz, although other band- 
widths can be produced by changing R 0 and Rq, 
which must remain equal to preserve unity gain. The 
design equations for the filter are given in table 1. 
Also, be aware that decreasing the bandwidth much 
beyond 100 Hz is likely to result in an oscillator in¬ 
stead of a filter because of the less-than-ideal nature 
of op-amps. The LF356 op-amp (which is a fairly 
wideband device) was used to minimize these 
effects. With a lesser op-amp, the filter will have a 
more peaked response at higher center frequencies 
and the bandwidth will not be constant as the center 
frequency is varied. As with all high-gain, wide-band- 
width devices, be sure to keep the power supply well 
bypassed (a 0. 1-fiF ceramic capacitor near each )C). 

This particular configuration can be adapted to a 
notch filter by adding just one op-amp. This op-amp 
is configured as a summing amplifier which adds to¬ 
gether the output of the bandpass filter and the input 
to the system. Since the bandpass-filter output is in¬ 
verted (180-degrees phase shift) relative to the input, 
the net result is that the bandpass output is sub¬ 
tracted from the input. This results in a notch filter, 
since the signals in the passband of the bandpass fil¬ 
ter cancel when the inverted and non-inverted sig¬ 
nals combine. 

The depth of this notch is limited by the matching 
of the gain-setting resistors in the summing amplifier 
and also in the bandpass filter. Therefore, the 10-kil- 
ohm variable resistor was included to allow some 
compensation for gain errors. The notch depth can 
be adjusted by tuning in a carrier or crystal calibrator 
on a receiver, adjusting the tune control to notch out 
the carrier, and then adjusting the 10-kilohm variable 
resistor for minimum audio signal. The minimum 
notch will probably not occur at the same setting for 
both bandwidths, but tuning with one bandwidth 
should result in an adequate notch on the other. 


SSB filter 

An audio filter for use with single sideband can be 
built using only two op-amps. One op-amp is config¬ 
ured as a highpass filter with cutoff frequency 
around 300 Hz, and the other is configured as a low- 
pass filter with a cutoff frequency of about 3 kHz. 
This results in a bandpass characteristic encompass¬ 
ing the standard audio frequency range for voice 
transmission. 

The design equations are given so that other high- 
pass and lowpass cutoff frequencies can be used. A 
Q of 1 was chosen so that the peaking in the pass- 
band is limited to about 10 percent. For simplicity, all 
capacitors are of equal value in the lowpass filter. 
The design equations for these filters are given in 
table 2. The op-amps in this case can be one like the 
LM307, since the gain-bandwidth demands of the 
circuit are not excessive. 

These two filters can, of course, be used separate¬ 
ly. The highpass would be useful for filtering out 60- 
Hz hum from an older tube-type rig, and the lowpass 
alone will help most any sideband rig in reducing the 
high-frequency adjacent-channel interference. 
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driving headphones 

All of these circuits can be used to drive head¬ 
phones without an additional amplifier stage. Fig. 4 
shows a circuit to be used for connecting virtually 
any headphone to the output of an op-amp. The 
capacitor blocks the dc voltage that is present at the 
output of the op-amp, and the two resistors act as a 
voltage divider to reduce the level into the head¬ 
phones. Most headphones are so sensitive that they 
need very little drive, so the signal is attenuated by 
these resistors. 


driving speakers 

Fig. 5 shows a simple audio amplifier which uses 
one-half an LM1877 stereo-amplifier 1C. The output 
of any of the filter sections can be used to drive the 
input of this amplifier. This is one of many audio-am¬ 
plifier ICs that are ideal for this sort of application. 
This circuit was taken directly from the manufactur¬ 
er's data book 2 and care should be taken in adjusting 
any of the values since the device is not necessarily 
stable at unity gain. Care should also be taken in by- 
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9 MHz CRYSTAL FILTERS 

Mlfon 


10.7 MHz CRYSTAL FILTERS 


Export Inquiries Invited Shipping *3.50 

MICROWAVE MOOULES VHP & UHF EQUIPMENTS 

LOW NOISE RECEIVE CONVERTERS 

1691 MHz MMM691-137 


Options: Low NF (2.0 dB max.. 1.25 dB mi 

LINEAR TRANSVERTERS 


144 MHz lOWoiltput. lOMin MMI1 

Other bands & IFs available. 

LINEAR POWER AMPLIFIERS 


MMc439-Ch x 
MMC144-28 



ANTENNAS 

420-450 MHz MULTIBEAMS 

48 Element 70IMBM48 15.7dBd 

88 Element 70/MBM88 18.5 dBd 

144-148 MHz J-SLOTS 
8over 8 Hot pot D8/2M 12.3dBd 

8 by 8 Vert, pol D8T2M vert 12.3dBd 



(617)263-2145 
SPECTRUM 
International, inc. 

Post Office Box 1084 
(Cord, MA 01742, U.S.A. 



fig. 4. A circuit for coupling headphones to filter 
output. 



passing the power supply near the chip, and all 
ground pins on the chip should be used. 

summary 

Now that you have the basic blocks, you can string 
them together to form a variety of filter combina¬ 
tions. A simple one-evening project can be made out 
of the bandpass filter, either with or without the 
notch output. I built the filter with simple perforated- 
board techniques and housed it in a small case. Add 
the SSB filter if you work phone and, of course, pro¬ 
vide some means of switching the filters in and out. 
The audio amplifier is necessary only if headphones 
alone don't quite suit you. With unity-gain stages, 
the output should be the same level as the input, so if 
the audio is taken from a speaker or headphone jack 
the level can be easily adjusted with the receiver vol¬ 
ume control to a usable level. 

Please send me an SASE with any inquiries con¬ 
cerning this article. For more information on op- 
amps in general, see reference 3. 

references 

1. Aram Budak. "Passive and Aclive Network Analysis and Synthesis." 

2. Linear Databook, National Semiconductor Corporation, Santa Clara, 
California, 1978. 

3. Walter Jung, fC Op Amp Cookbook, Howard W. Sams & Co., Indianap¬ 
olis. Indiana, 1976. 
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TS430S FILTER DEAL 


For superior performance at lower cost, use 
top-rated 8-pole Fox Tango crystal filters to fill 
the optional spots In your rig. For example, 
our 1800 Hz FT2808 equivalent of the YK88SN 
has a 60/6dB shape factor of 1.7 compared 
with 2.0, a price of $55 vs $63, and squarer 
shoulders at the top with steeper skirls all the 
way down to more than - 80dB. 

For more pleasant audio use our 2100 Hz for 
SSB and/or our 6000 Hz for AM. For CW, our 
400 Hz unit Is better than the YK88C. while our 
250 Hz is sharper than the YK88CN. The more 
you buy, the mire you savel 

BIGGER IS BETTER! 

Fox Tango filters are better because of their 
discrete crystal (not monolithic) construction. 
This makes them slightly larger than YK fillers 
so they are patched into the circuit with short 
lengths of coax. Installation is easy — no drill¬ 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES - Complete Kit 

Any ONE filler.$55 

Any TWO fillers.$100 (Save $10) 

Any THREE filters.$145 (Save $20) 

Includes all needed cables, parts, detailed In¬ 
structions. Specify the type<s) desired. 

AM— FT2811 (6000 Hz Bandwidth) 

CW — FT2801 (250 Hz); FT2802 (400 Hz) 

SSB - FT2808 (1800 Hz); FT2809 (2100 Hz) 
Shipping $3 per order. ($5 air) FL Sales Tax 5% 
ONE YEAR WARRANTY 
fjf GO FOX-TANGO-TO BE SURE! 

1 Order by Mail or Telephone. 

WjSfV AUTHORIZEDEUROPEANAGENTS 
/fYyVVT Scandinavia MICROTEC Makodlon 26 
' 3200. Sandefiord. NORWAY 

Other INGOIMPEX, Postfach 24 49 
o' 136 D-8070.lnBolsladl.W. GERMANY 



I MINIATURE TOGGLE SWITCHES! 

ALL ARE RATED S AMPS @ 12S VAC 
S.P.D.T. S.P.D.T. If S.P.D.T. , 
(on-on) fl (on-on) Jf (on-off-on)J 



short circuits 


power supply 

In the article "Dual Voltage Power 
Supply” (ham radio, March, 1983) 
there is an error on the schematic on 
page 35. The two outputs of power 
supply A are tied together at the volt¬ 
meter connections. This should not 
be. Also, at the top of the same sche¬ 
matic, resistor R24 had been labeled 
R2H. 

sideband transceiver 

The following corrections should 
be made to the schematics and text 
of "15-meter Sideband Transceiver” 
(hamradio, March, 1983): 
fig. 1: Change value of R26 from 100 
to 10k ohms and value of R28 from 
10k to 330 ohms. 

fig. 6: Change component designa¬ 
tions C66 to C60 and Q18 to Q24. 
fig. 7: Add component values to 
R105 (100 ohms) and R106 (4700 
ohms). R110 is a 2-watt resistor. In¬ 
sert a resistor (R101, 330 ohms) in the 
collector lead of Q33. 
fig. 8: Reroute emitter lead of Q25 to 
R88 and Q26 base junction. (It no 
longer goes directly to + 10 volt bus.) 

In the right-hand column on page 
19, change component designations 
Q29 to Q20 and R66 to R67. 

Be sure to check the artwork 
against the parts layout before begin¬ 
ning construction. 

repeater antenna 
beam tilting 

In K7NM's article, "Repeater An¬ 
tenna Beam Tilting” (May, 1983), eq. 
2 should read as follows: 


Sin n 

(180°s) c 

is 0 + <*' 
2. 

n Sin 

(180°s) ci 

>s0 + (l 


Eq. 4 should read this way: 

Ah = o.omr 
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Garth stonehocker, koryw 


last-minute forecast 

The conditions this July will prob¬ 
ably be considerably different from 
last year's. The summer months — 
normally a season of low maximum 
usable frequencies (MUFs) will bring 
even lower MUFs because of an ad¬ 
vanced cycle smoothed sunspot 
number (SSN) as low as 60. Mid-lati¬ 
tude, zero-distance MUFs (foF 2 -local 
noon) show a nearly linear variation 
with SSN, with 5.5 MHz, 8 MHz, and 
11 MHz corresponding to SSNs of 
10, 60, and 120 respectively. 

July's forecast on the higher hf 
bands 110-30 meters) is for good 
long-skip conditions occurring the 
first and last weeks of the month and 
decreasing at other times. High and 
low latitude short-skip openings are 
expected to increase through spo¬ 
radic E propagation during disturbed 
periods around the 5th, 10th, 21st, 
and 31st of the month. The lower 
bands (30-160 meters) should have 
the best nighttime DX during the in- 
between non-disturbed periods. 

A full moon occurs on the 25th and 
perigee on the 11th of the month. 
The Aquarid meteor shower starts 


the 18th, peaks the 28th, and lasts 
until August 7th (all dates approxi¬ 
mate). The radio-echo rate at maxi¬ 
mum is about 34 per hour. 

fading — QSA and QSB 

Carefully observing daily DX signal 
levels will provide information on the 
state of the ionosphere and enable 
near future forecasting. Signal 
strength variations, fading, either de¬ 
crease (attenuation) or increase (fo¬ 
cusing), and possibly signal distortion 
will be heard. Fading is characterized 
by the duration of the interval be¬ 
tween fades and the depth or de¬ 
crease in amplitude of the signal dur¬ 
ing those periods. Most of the attenu¬ 
ation occurs as the signal travels 
through the D region (60-80 kilometer 
height) of the ionosphere. However, 
significant variations also occur at the 
area of reflection in the ionosphere, 
with signal levels modulated by geo¬ 
magnetic field variations. 

The following table lists four com¬ 
mon types of fading conditions with 
the first two related to D region travel 
and the latter two occurring during 
layer reflection: 


Solar radiation (ultraviolet and X- 
ray) produces D region absorption or 
attenuation, an attenuation that var¬ 
ies with the part of the sunspot cycle 
we're in, the time of year, and time of 
day. Signal level changes are slow 
and stable, except during solar flare 
induced sudden ionospheric distur¬ 
bances (SID). These signal fades 
occur within 8 minutes on the sunlit 
propagation paths. The attenuation is 
a function of the cosine of the zenith 
angle to the sun. The typical time 
scale is a 10 to 20 minute decrease to 
maximum attenuation (lowest signal) 
and logarithmic return to the normal 
value within about one-half hour to 
two hours. The overall time (SID du¬ 
ration) is roughly related to flare size 
(importance or type) and radio flux 
(0.3 centimeter) burst shape and 
length. 

Polar cap absorption (PCA) is also 
a D region slowly-varying attenuation 
effect produced inside of the auroral 
zone (polar cap) by protons arriving 
within an hour's time from certain 
solar flares. The attenuation is greater 
during daylight than at night. There¬ 
fore, the signal recovers somewhat 
each night then decreases during the 
day again, but shows improvement 
each day. The overall PCA attenua¬ 
tion duration is one to three days be¬ 
fore normal propagation conditions 
are achieved again. 

Both of these D region events 
occur mainly during the sunspot cy¬ 
cle peak and consequently should not 
bother us for a while. The shortwave 
fade and MUF failure are problems 
that can occur any time during the 
solar cycle and particularly during the 
solar cycle minimum. More about 
them next month. 

band-by-band forecast 

Ten and fifteen meters will have long- 
skip conditions in the afternoon dur¬ 
ing the peak times of the 27-day solar 
maximum. Otherwise, look to spo¬ 
radic E short-skip and multihop open¬ 
ings around local noon for DX on 
these bands. Transequatorial evening 
openings do not usually occur in the 
summertime. 


type of "fade" cause when/where 

SID flare-ultraviolet daylight 

and X-rays 

PCA flare-proton particles polar daylight 

shortwave solar wind-electrons auroral zone 

(explained next month) (night) 

MUF failure decreasing ionosphere PM 

(explained next month) 


1-3 days 
2-5 nights 
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CABLE TV 
CONVERTERS 
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ACCESSORIES 



P.O. BOX 1329 

JEFFERSONVILLE, INDIANA 47130 
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1-812-282-4766 
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A Guide To 
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HALLWARO PRODUCTS 


Twenty and thirty meters will be open 
all day and much of the night. If 
twenty does not stay open through 
the night, thirty probably will. Spo¬ 
radic E short-skip is also often effec¬ 
tive on these bands throughout the 
day. Propagatiort paths to most areas 
of the world are viable in a sequence 
that follows the sun's journey across 
the sky: east in the morning, south 
during mid-day, and west during the 
evening. 

Thirty and forty meters will be the 
main nighttime DX bands this time of 
year, though long-skip distances will 
be shorter. Sporadic E openings are 
possible during more of the day into 
pre-sunrise and after sunset. With 
thunderstorm-induced static levels 
high in the evening, look to pre-dawn 
periods for best results. 

Eighty and one-sixty meters are diffi¬ 
cult DX bands this time of year. Short 
nights and high noise levels hamper 
DX operation with eighty having 
slightly lower noise levels. Most use¬ 
ful openings may occur during the 
pre-dawn hours. Sporadic E propaga¬ 
tion signal strengths may exceed the 
static level near sunrise and sunset. 

ham radio 
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technical forum — — 

Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers to your questions, and 
to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have a question? Send it in! 


Each month our editors will select 
the best answer received to a 
question previously posed in 
Technical Forum. We'll send the 
writer a book from our Bookstore 
as a way of saying thanks. 


measuring inductances 

In February, 1983, Technical 
Forum published a request from 
K9EBA for information on the meas¬ 
urement of low values of inductance. 

Several years ago the San Bernar¬ 
dino Microwave Society addressed 
this problem and came up with a sim¬ 
ple circuit for measuring small values 
of inductance. It was published as a 
NASA Tech Brief. This circuit used 
the parts on hand at the time. The cir¬ 
cuit works well and has been dupli¬ 
cated by several experimenters. It 
measures inductances between 30 
nH and 30 pH. This is not the only 
way the circuit can be implemented, 
nor even the best way, but it is one 
method that works. 

The only trick in building the circuit 
is to minimize the stray shunt capac¬ 
ity across the unknown inductance. I 
used a 1-inch hole, with a 4-40 (M3) 
screw in the center and a thin sheet 
of plastic to support it. Fiber shoulder 
washers for the unknown terminal 
have too much stray capacity, but 
other than this, the circuit is straight¬ 
forward and should pose no prob¬ 
lems. — Richard B. Kolbly, K6HIJ. 

Ed. note: An SASE to ham radio will bring the 
interested reader a copy of the NASA Tech 
Brief and associated technical support package 
describing the direct-reading inductance meter. 


impedance matching 

I wound an rf impedance matching 
transformer on an iron powder toroid 
core (T225-2 mix) for a 50-ohm to 
300-ohm transformation. I used a 
turns ratio of just under 2.5 to 1; that 
is, I wound seventy-three turns of 
No. 20 Formvar enamel wire next to 
the toroid core (300-ohm winding) 
and thirty turns of No. 16 Teflon-cov¬ 
ered wire on top of it (50-ohm wind¬ 
ing). There is more than one inch of 
empty core space between the ends 
of the high-impedance winding. The 
thirty turns of the low-impedance 
winding are centered over the middle 
of the seventy-three-turn winding. It 
is wound in the same direction and 
covers about half of the circumfer¬ 
ence of the toroid. 

I tried to feed a few watts of rf 
power into a 300-ohm carbon resistor 
attached to the 300-ohm winding as a 
test on 29 MHz. It failed completely. 
It would not load up and had an SWR 
of over 10:1.1 then checked the impe¬ 
dance of the low-impedance winding 
with an rf noise bridge (with the 300- 
ohm resistor still connected to the 
seventy-three-turn winding). I found 
that the impedance was indeed be¬ 
tween 50 and 60 ohms resistive, but it 
had a very high capacitive reactive 
component of 60 to 70 pF. 

Does anyone have any explanation 
of this result? — Joseph Neiman, 
WB2NTQ. 


static mystery 

Over the past thirty-seven years of 
shortwave listening I have observed a 
steady increase of that hammering 
and hissing noise called "rain static." 
I do not remember a single incident of 
this phenomenon while operating in 
Switzerland from 1946 to 1948. 


The first time I encountered it was 
in late 1948 in the vicinity of Cleve¬ 
land, Ohio. At the time I guessed that 
the Cleveland weather conditions 
might be somehow different from 
Swiss weather conditions. 

Through 1949 and 1950 I got used 
to rain static in New Jersey. When I 
returned to Switzerland I found 
things quiet again no matter how 
heavy the rain. But by about 1955 I 
began to notice subtle signs of Swiss 
rain static which appeared, through 
the years, more frequently and more 
intensively. 

At present about forty percent of 
all medium-strength rainfalls here 
cause rain static, and the amount 
seems to be increasing. 

It is known that split water droplets 
can become charged, probably by a 
kind of tribo-electric effect. If such 
droplets hit antenna elements, charge 
compensation by the antenna could 
account for the observed receiver 
noise. So the question remains, why 
was the effect not observed in Swit¬ 
zerland before 1955, but already en¬ 
countered in Ohio by 1948 and in 
New Jersey shortly thereafter? 

Could there be some connection 
with air pollution caused by industry 
and automobile traffic, thus en¬ 
hancing charge separation of water 
droplets? 

Not knowing enough about elec¬ 
trostatics and electrochemistry, let 
me present this problem to you and 
your readers in the hope that some¬ 
one might provide a physical model 
or references to published work. 

Are there any effective counter¬ 
measures which could eliminate this 
kind of interference? — Bruno Bing- 
geli, HB9FU. 
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■tubes, SEMICONDUCTORS, IC’Sl 
1 DIODES AT SUPER LOW PRICES | 
IN DEPTH INVENTORY 
I EIMAC, SYLVANIA, GE, CETRON I 



Full line of Sylvania ECG Replacement 
Semiconductors Always in Stock. 

All Major Manufacturers Factory Boxed, 
Hard To Get Receiving Tubes At Dis¬ 
count Prices. 

Minimum Order $25.00. Allow $3.00 Eor I 
UPS Charges. Out of Town, Please Call I 
| Toll Free: 800-221-5802 and Ask Bor I 

BE". MSgBk | 

^ C j fi fi jgg j 

ITRANSLETERONIC , 
W INC. | 


TWX710-585-2460 ALPHA NYK. 
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products 


enabled, a mode switch for choice 
Satcom or Westar-type polarizatic 
built-in regulated power supply. 


metal power triode intended for use as a cath¬ 
ode-driven amplifier for hf and vhf service. This 
compact tube (3CX8C0A7) is intended for high 
power linear amplifier service. A single tube 
will produce a full 2 kW PEP or 1 kW CW input 

The rugged 3CX800A7 is rated for 800 watts 
plaic dissipation and will deliver full power out¬ 
put with less than 40 watts peak drive power. 
Power gain is better than 15 dB. The air-cooled 
anode requires less than 20 cfm with a back 
pressure rating of 0.35 cfm for full dissipation 



transformer. For more information 
TEM Microwave Corporation, 225 


1/4-wave replacement 
antennas 


Height ot the JCX800A/ above the socket 
plane is only 2-1 /4 inches (5.7 cm), making the 
tube well suited for compact linear amplifier 
design and compatible with modern, low-pro¬ 
file styling. 

For further details, contact Varian, EIMAC 
Division. 301 Industrial Way, Sari Carlos. Cali¬ 
fornia 94070. RS#301 

Editor's Note: Both Henry Radio and Ehrhorn Tech¬ 
nological Operations IETO) have designed new ampli¬ 
fiers around this new lube. Contact them for details 


polarization control 


TEM Microwave Corporation is pleased to ! •' I * ifLI. 

announce its model SC-10 polarization control 
interface. The SC-10 is designed to interface 
with satellite TVRO receivers that have odd/ For more inf 

even channel logic output signals, such as the ternational, B 
R.L. Drake ESR-24, or SPDT contacts, such as 68501. RS#303 
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1296 & PHASE III 

MAKI UTV1200- $ 399 9S 
2M or 6M I.F./ 3 WATTS 

• 4TRANSVERTER MODELS 
•TX/RX CONVERTERS 

• PRE-AMPS, AMPS, FILTERS 

THEY’RE BACK... 

KENPRO ROTORS 

KR400.149 95 

KR500.189 95 


plug-in circuit boards 


derable or wrap-post leads. The boards have 
2064 holes in the component area, allowing 
placement of up to fifty fourteen-pin DIPS or 
forty sixteen-pin' DIPS. One card, the Model 
4610-3, is form and fit compatible with STD 
system cards with 28/56 card-edge contacts. 
The Model 3662-9 and Model 3619-6 have 
22/44 and 36/72 card-edge contacts to mate 


!NEW! 


KENWOOD 





























products 


ten-meter f m transverter 

A unique 2-meter to 10-meter linear transla¬ 
tor recently introduced by Heil, Ltd., allows a 
2-meter radio to receive and transmit on the 
ten-meter band from 28.00 to 29.70. 

The Model 210 is primarily designed for use 
in the 29.30 to 29.70 fm band using a one-watt 
"handle talkie" or mobile transceiver for excita¬ 
tion, but is also usable on SSB, CW, a-m, and 
RTTY by exciting with an all-mode two-meter 
rig. The Model 210 has three SO-239 connec¬ 
tors on the rear panel, a two-meter one-watt 
input, a two-meter antenna, and a ten-meter 
antenna. With the front panel function switch 
in the "out" position, the two-meter antenna is 
connected to the two-meter transceiver or 
"handie talkie." Switching to the "in" position 
will cause the transverter lo operate and pro¬ 
duce a signal in the ten-meter band. The re¬ 
ceiver sensitivity is 0.3 /<V for 10 dB quieting. 
The output power is approximately 4 watts out 
at 29.60. 



The price (subject to change! is $100.00. For 
further details, write Heil Sound System, Heil 
Industrial Blvd.. Marissa, Illinois 62257. 
RS#305 


emergency tone decoder 

The Storm Alert LJM2RK time-dual tone 
emergency decoder kit from Metheny converts 
receivers into special-purpose receivers or con¬ 
trols. When a user-selected time-tone combi¬ 
nation is received, the output provides a re¬ 
lay control for activating speakers or other 

Special features include single or dual tones 
adjustable over the touch tone range; adjust¬ 
able time delay; relay output; manual or auto 
reset; single tone ON latching with different 
single tone reset OFF; and interfacing of multi¬ 
ple boards for multi-digit sequential activation 

Kit LJM2RK includes a printed circuit board 
with components, relay, and a silk screened 
component identification and solder mask for 
ease of assembly. An optional enclosure kit, 
LJM2RC, includes a custom-molded case, 
speaker, audio input cable, and hardware for 
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the decoder kit. Kit LJM2RK costs $15.00; the 
enclosure kit, LJM2RC, is priced at $5.00. 

For complete details and information about 
specific applications, contact The Metheny 
Corporation, 204 Sunrise Drive, Madison, Indi¬ 
ana 47250. RS#306 


multimode transceiver 

The FT-726R - the world's first Amateur 
HF/VHF/UHF transceiver capable of full du¬ 
plex operation for satellite work — is now avail¬ 
able from Yaesu Electronics Corporation. 

The basic unit comes equipped for 2-meter 
operation on SSB, CW, and fm. Optional units 
may be plugged in, enabling operation on 10 or 
6 meters, 430 to 440 or 440 to 450 MHz on 70 
cm. The optional SU 726 satellite unit allows 
crossband full duplex operation, for simultan¬ 
eous uplink transmit and downlink receive op¬ 
eration on Amateur satellites. 

Controlled by an eight-bit microprocessor, 
the FT-726R features a dual VFO and memory 
frequency management system, with indepen¬ 
dent frequency/mode storage on each VFO or 
memory; mode-inverting satellite transponders 
are therefore covered with ease. The transmit 
and receive frequencies may be varied during 
satellite work to allow easy zero-beat capability 
while following Doppler shift. 

Equipped with many features found only on 



hf transceivers, the FT-726R includes an SSB 
speech processor, i-f shift, variable i-f band¬ 
width tuning, i-f noise blanker, RIT, multimode 
squelch, and a receiver audio tone control. A 
CW filter, DTMF encoding microphone (YM- 


481, desk microphone (MD-1B8), external 
speaker ISP-102), and CTCSS units are all 
available as options. 

For further information, contact Yaesu Elec¬ 
tronics, P.O. Box 49, Paramount, California 
90723. RS03O7 


handheld airband 
transceiver 

The TR-720 is a solid-state, fully synthe¬ 
sized, portable airband transceiver covering the 
720 COM channels between 118 and 136 MHz 
and 200 NAV channels from 108 to 118 MHz. It 
measures only 6.6 x 2.6 x 1.5 inches and 
weighs just 19 ounces. It employs microproc¬ 
essor technology, has a twist-off battery pack, 
comes with a complete set of accessories, is 
FCC type accepted, and carries a full one year 
warranty. It is available for $795.00 from local 
Avionics dealers, or directly from the manufac- 



For information, contact Communications 
Specialists, Inc., 426 W. Taft Ave,. Orange, 
California 91665. RS#308 


power bars 

A new line of Hammond power bars features 

num case with matte black receptacle housing. 
Reduced in size, (11, 14 and 17 inches in 
length), standard models are available in four, 
six, or eight-receptacle sizes with either 6 or 15 
foot cords, and with or without lighted, rocker 
type on/ off switches. Also available are 4 and 6 
foot long power bars, each with eight recepta¬ 
cles. Appropriaie for work station mounting, 
all power bars are CSA approved and fitted 
with 120 Vac. 15A circuit breaker. 

For more information, contact Hammond 
Manufacturing Company, Inc., 1690 Walden 
Avenue. Buffalo, New York 14225. RS#309 
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New DTMF Receiver Kit turns 
phones into control devices. 

With Teltone's TRK-956 Kit, you get all the 
parts necessary to breadboard a central 
office quality DTMF detection system for 
only $22.75. That's the lowest installed 
cost foir a DTMF system. All you provide 
is 5V dc. For decoding DTMF signals from 
telephone lines, radios, and tape players, 
use the TRK-956. To order call: 

(800) 227-3800 ext 1130. 

[In CA, (800) 792-0990 ext 1130.] 

ICEIXPNE ' ^ 185 



NEW NEW NEW 

COMPUTER SAVER 

Do you have 8 or more interface cards you 
use occasionally bul hale lo keep tearing in¬ 
to your computer to gel at tliem and risk 
damaging ihem? 

Then Switch-A-Slot is tor you! 

Switch-A-Slot lets you selecl up to A cards 
lor each port, Select the card lo run with 
the turn ol a switch. NO new programming 
tricks lo learn. 

Switch-A-Slot 


uhf linear amplifier 

The newest uhf linear amplifier from Tokyo- 
Hy Power Labs is designed for use with 10- 
watt output 430-450 MHz crystal-controlled or 
synthesized rigs. Input for the HL-45U is 2 to 15 
watts with output of 10 to 45 watts, ft operates 
from a 13,8 volt dc source and draws 7 amps at 
45 watts output. It is all-mode (SSB, CW, and 
fm), has a built-in 12 dB low noise receiver pre¬ 
amplifier, and employs carrier operated switch¬ 
ing (COX). 



wall socket RFI control 
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ROHN 

“FOLD-OVER” 

TOWERS 

■ EASE OF INSTALLATION 

ROHN "Fold-Over" Towers are quickly and 
easily installed. The "Fold-Over" Is sale 
and easy lo service. 

■ ADAPTABILITY 

ROHN has several sizes lo III your applica¬ 
tions or you can purchase Ihe "Fold-Over" 
components to convert your ROHN lower 
Into a "Fold-Over". 

■ HOT DIP GALVANIZED 

All ROHN towers are hot dip galvanized 
alter fabrication. 

■ REPUTATION 

ROHN Is one olthe leading tower manulac- 
turers. with over 25 years ol experience. 

Write today lor complete details. 


INTRODUCTORY PRICE $155 

Please send orders with payment to. 

BIT “O” BYTE 

PO Box 60972. Sunnyvale. CA 94088, - , 


For further information, contaci Electronic 
Specialists, Inc., 171 S. Main Street. Natick, 
Massachusetts 01760. RS#311 


ROHN 

Box 20Q0-Peoria. Illinois 61656 
U.S.A. 














ham 



magazine 


packet radio 

testing baluns 

digital audio filter 
for CW and RTTY 

hybrid couplers 

antenna carriage 
and track pole mount 


— 

focus 

on 

communications 

technology 


RF 

SYNTHESIZERS 



Q^oncy co^ 








AUGUST 1983 


volume 16. number 8 

T.H. Tenney. Jr., W1NLB 
publisher 
Rich Rosen, K2RR 



ham 

radio 

magazine 


contents 


12 rf synthesizers 

for high-frequency communications: 
part 1 

Craig Corsetto, WA60AA 


18 Amateur packet radio: part 2 

Margaret Morrison, KV7D, 

Dan Morrison, KV7B, 
and Lyle Johnson, WA7GXD 

30 testing baluns 

John J. Nagle, K4KJ 

40 ham radio techniques 

Bill Orr, W6SAI 


46 antenna carriage and track pole mount 

Ira L. Simpson, KB3K 


50 the hybrid ring 

Ernie Franke, WA2EWT 


60 a digital audio filter for CW and RTTY 

Don Kadish, W10ER 


70 antenna hinge 

J.R. Yost, N4LI 



108 advertisers index 83 new products 
and reader service 8 presstop 
10 comments 82 product review 

66 DX forecaster 6 reflections 

76 flea market 97 short circuits 

72 ham mart 74 technical forum 

62 ham notebook 


August 1983 ED 5 









pEElfdlQNS 


SPECIAL REPORT: W5LFL and SPACELAB STS-9 

A three-hour teleconference call on June 9 brought together representatives of NASA, AMSA T, the broadcasting industry, and several key figures in Ama¬ 
teur Radio publishing. The subject: the 9-day STS Spacelab Mission of Dr. Owen Garriott, W5LFL. While this page is normally reserved for the editorial 

and was scheduled this month to include the 7983 ham radio Reader Survey — we gladly postpone both in order to bring you details of the project. 

For the first time in the history of the space program, individual citizens will be able to talk directly with 
an astronaut in space when NASA mission specialist Dr. Owen Garriott, W5LFL, attempts to contact as 
many Amateurs worldwide as possible during the last five days of the STS-9 spacelab mission, scheduled 
for launch on September 30. 

W5LFL will be able to operate only during his leisure time periods, expected to be one hour per day, for a 
mission total of five hours. He will transmit on the even minutes for one minute and listen on the next odd 
minute while logging and tape recording what he hears. He will then acknowledge call signs heard on the 
next even minute. It is expected that he will QSO approximately 500 hams worldwide and be heard by 
300,000. The ARRL will act as QSL manager and provide acknowledgements for all verified QSOs and 
SWL reports. 

The equipment aboard the spacecraft will be a multichannel black box transceiver capable of 5 watts 
output from its battery power. The station, located on the aft flight deck of the space shuttle orbiter 
Columbia, will use a printed circuit loop antenna mounted on the upper crew compartment window. 

Operation will take place on uplink frequencies (earth to space) of 144.910-145.470 (possibly no higher 
than 145.190) in 20 kHz steps while the downlink frequencies (space to earth) will be 145.510-145.770(2 or 3 
specific frequencies will be chosen), also in 20 kHz steps. Mode of operation will be 2-meter fm (split). 

The 57-degree inclination, 90 minute, 155 mile altitude orbit will enable most of the earth's land mass to 
be (line-of-sight) visible from the spacecraft during a typical day, though any specific location will have an 
8-minute maximum pass. 

AMSAT recommends that ground station equipment consist of no more than a 10-15 watt 2-meter 
transceiver feeding a high lobe (80-90 degrees would be ideal) turnstile antenna mounted above any ob¬ 
structions. They do not recommend using more elaborate antennas (such as a cross-Yagi). 

A combined effort on the part of many individuals and organizations? this project is the result of a joint 
proposal by the ARRL and AMSAT to NASA. Earlier proposals to place an Amateur Radio transceiver 
aboard an orbiting U.S. spacecraft date back to the early '70s, when a project called "SKYLARC” — Sky- 
lab Amateur Radio Communications — was planned but scrubbed because it came too late in the develop¬ 
ment of the program. The present proposal was recently accepted by NASA, with the only restrictions 
related to non-interference with higher priority mission objectives, systems and, of course, safety. 

Starting in mid-July the ARRL is expected to provide a 900 telephone number for the latest orbital infor¬ 
mation. Other sources of information are NASA itself, which will provide a timetable (flightline) of the 
operation, and Westlink, whose report can be heard by calling (213) 465-5550. 

The ARRL is also planning a videotape presentation featuring Dr. Garriott. Hosted by NBC's Roy Neal, it 
will document the role of Amateur Radio and Amateur Radio operators throughout the STS-9 mission. 

This is truly a unique occasion for Radio Amateurs to show the world how they can contribute to tech¬ 
nology and public awareness. Each Amateur will provide quite some service if he is able to acquire the sig¬ 
nal, tape record it and contact the local media with details of the QSL and perhaps even a recording of any 
voice contact. Reporters may want to play the tape over their broadcast stations or transcribe it for news¬ 
paper use. 

So clean up the shack, tape record everything you hear, and goodtuck\ 

Rich Rosen, K2RR 
Editor-in-Chief 


'credit where it’s due 

A short list of just some of the people instrumental in bringing about this effort is definitely in order: General James Abramson, Assistant 
Administrator of NASA, who gave final approval for Amateur operation on the mission: Bernie Glassmeyer, W9KDR, ARRL Space Program 
Manager; Peter O'Dell, KB1N, ARRL Public Information Coordinator; Steve Mendelsohn, WA2DHF. CBS technician and Vice-Direcior of the 
Hudson Division of the ARRL; Rich Moseson, N2BFG. Associate Producer, CBS News; Bill Tynan, W3XO, VHF Contributing Editor, QST: Roy 
Neal, K6DUE, NBC Science Editor; Vern Riportella, WA2LQQ, AMSAT President-Elect; and Bill Pasternak, WA6ITF, Editor, Westlink Report 
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FCC'S "NO MAILBACK" NOVICE EXAM PROPOSAL WAS APPROVED June 29 by the Commissioners a 
goes into effect by the end of August. Under the new procedure, proposed in PR-Docket 
82-727, a General Class or higher Amateur will make up a Novice exam from a bank of 200 
FCC approved questions, then both administer and grade it himself. He'll then simply a 
vise FCC's Gettysburg office if the applicant passes, and they'll issue a license. 











comments 


no code 

Dear HR: 

Isn't all this wailing against a "no¬ 
code" license a little illogical? 

Code became a licensing require¬ 
ment because all radio communica¬ 
tion then was by code. Today, almost 
none is. Only a few Amateurs and a 
handful of outmoded commercial and 
maritime services use CW and code. 

In today's hyper-electronic age, re¬ 
quiring code proficiency in order to 
operate a radio-telephone (which is 
all most hams want to do) is like mak¬ 
ing you learn to ride a motorcycle well 
in order to get a license to drive an 
automobile. Silly, eh? 

Some people like motorcycles. 
They're fun, I'm sure. And they get 
you where you want to go, like auto¬ 
mobiles do. But there the resem¬ 
blance ends. The number of motor¬ 
cycles in use probably compares with 
the number of automobiles in use in 
about the same ratio as the number 
of active CW stations compares with 
the number of active SSB stations. 
CW is fun, and I was a "CW Forever" 
ham for fifty-four years until I was 
given a mike. And CW provides com¬ 
munications, like SSB. But again — 
there the resemblance ends. 

Once, you had to know code to use 
radios. Today you don't. The great 
majority of newly licensed hams for¬ 
get the code as soon as they get on 
the air. Many never even own a tele¬ 
graph key. 

It would seem that those hams 
most outspoken against the "no- 
code” license simply feel that every¬ 
body should suffer like they did be¬ 


cause they did. Human, perhaps, but 
illogical. 

Forcing people to learn code has 
not filled our CW bands. Count the 
CW signals any time of the day be¬ 
tween 14000 and 14200, and the SSB 
carriers between 14200 and 14350 
and see how they compare. Sad, isn't 
it? Do we want to lose all that unused 
space to some other (and more press¬ 
ing) service — and we will, you can 
bet on it — or stop pushing an anach¬ 
ronism and let the 'phones use it for 
expansion, as is now happening? 

To paraphrase an old saying, "You 
can force a ham to learn the code, 
but you can't make him use it." Let's 
get smart. 

Bill Lippman, W6SN 
Pacific Palisades. California 


converting TV 

Dear HR: 

The article by Carl Gregory, K8CG, 
(ham radio, April, 1983) on convert¬ 
ing TV sets to video monitors for 
computer use was well done and in¬ 
formative, but he missed an impor¬ 
tant (and very simple) method of im¬ 
proving performance. 

A couple of years ago I found my¬ 
self in need of a video monitor for 
computer and high resolution VCR 
use and I too decided to convert a TV 
set. Don Lancaster covers the subject 
beautifully in Chapter 8 in his TV 
Typewriter Cookbook. Following his 
instructions, I converted a Motorola 
20TS chassis. It worked well, but 
showed the same defects as K8CG's 
"simplest approach" solution — 
mainly, blurred pixels in computer 
use. 


The situation was vastly improved 
by simply including another Lancas¬ 
ter suggestion: shorting out the 4.5 
MHz sound trap in the output of the 
final video amplifier. As long as the 
sound trap is in the circuit, the set's 
video response has a big hole in it. 
With the short rise times in the com¬ 
puter generated signal, such a gap in 
response can be fatal. 

I will not deny that K8CG's ap¬ 
proach using an external video ampli¬ 
fier tied directly to the CRT cathode is 
superior (especially in terms of con¬ 
trast and the best possible video 
bandwidth), but for those of us who 
are essentially too lazy to go that 
route, the sound trap refinement will 
make the easier route adequate for 
most purposes. Both the Betamax 
and TRS-80 Model I seem to be 
happy with the simpler approach, and 
so am I. 

Tom Adams, K9TA 
Marinette. Wisconsin 

CATV I 

Dear HR: 

After seeing all the articles written 
in various magazines last year on 
CATVI, I did not think it could hap¬ 
pen to me. I felt an underground 
cable system should be virtually prob¬ 
lem-free. 

I am now involved with a complaint 
to the FCC and writing this letter to 
warn other hams one more time. You 
need to keep a constant surveillance 
on your cable system for leaks. One 
of the easier frequencies to watch is 
145.250 and 144.0 if you're on an 
HRC system. To be sure of the fre¬ 
quencies used, contact your local 
cable office and ask the engineer in 
charge. A new cable installation can 
easily cause TVI to your entire neigh¬ 
borhood if it is not installed correctly. 
Also keep in mind that your cable sys¬ 
tem does not have to use a ham band 
frequency before you can cause inter¬ 
ference to a cable system. 

Ron Hooper, WB4NMA 
Gainesville, Georgia 
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Demystifying 
PLL synthesizer design 


rf synthesizers 

for high-frequency communications: 
part 1 


that frequency is a multiple of [ref, simply by chang¬ 
ing N. 

Fig. 3 illustrates a synthesizer designed to tune 
from 5.000 to 5.500 MHz in 1 kHz steps, using a 1 
kHz reference oscillator and a programmable divider 
with a range of 5000 to 5500. 

phase detector 

The phase detector can be built around either ana¬ 
log or digital circuitry. However, since it is easier to 
design the PLL around digital phase detectors than 
around analog phase detectors, only the digital 
phase detectors will be discussed. 

Digital phase detectors use gates and flip-flops to 
detect phase and frequency differences. Their output 
are pulses whose average value is a dc voltage that is 
dependent on phase difference. A plot of voltage 
output versus phase difference input of a phase de¬ 
tector is shown in fig. 4. 

From fig. 4, phase detector gain, K is defined as: 


PLL frequency synthesis has become the domi¬ 
nant frequency generation technique in modern 
communications equipment as a result of the in¬ 
creased availability of PLL oriented ICs. This, in turn, 
has enabled the design of compact-low-power, inex¬ 
pensive synthesizers. While this technology has been 
accessible for some time, it's necessary to under¬ 
stand how PLL synthesizers work before trying to de¬ 
sign or build one. 

the phase-locked loop 

There are three basic circuit blocks in a PLL: the 
phase detector, the loop filter, and the voltage-con¬ 
trolled oscillator (VCO), as shown in fig. 1. 

In a PLL two signals at the phase detector input 
are in phase and therefore matched in frequency. 
Should they not be in phase, the phase detector gen¬ 
erates an error signal which is filtered and passed to 
the VCO to correct the phase difference. At all times 
the loop tries to maintain zero phase difference be¬ 
tween the phase detector input signals. A synthe¬ 
sizer is formed through the addition of a frequency 
divider to the basic PLL, (fig. 2). A zero phase error 
at the phase detector input occurs when the VCO is 
operating at a frequency 

fvco = N/ref 

Since N is a programmable divider, the VCO can 
oscillate at any frequency within its range as long as 


I v - A Vout 
* Mm 

where A Vout > s the averaged phase detector output 
voltage change and A0 IN is the input phase dif¬ 
ference in radians. 

By Craig Corsetto, WA60AA. 4312 Marlowe 
Drive, San Jose, California 95124 
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In fig. 4, is: 




5V - OV = 5V_ 
2tt - (-2ix) 4* 


~ 0.397 volts /radian 

K$ is usually given in the manufacturer's specifica¬ 
tions or in the applications notes for the device. 


vco 

The VCO is an oscillator whose frequency is con¬ 
trolled by an externally applied voltage, V T . For good 
phase noise performance the VCO usually employs 
an LC or crystal resonator because of the high Q of 
these components. 

The VCO has a gain term, Kyco • which is the 
amount of frequency change, A fyco< caused by a 
change in voltage V T , on the VCO tune line. 


Kyco = 2 t 


Since varactor diodes have nonlinear capacitance 
versus voltage characteristics, Kyco is not constant 
over the VCO frequency range. Therefore, two 
values of Kyco should be specified at the two ends 
of the VCO range. 

Fig. 5 illustrates how fvco varies with V T , over a 
frequency range of 5.000 to 5.500 MHz. 



K vco (5.0 MHz) = 2lr 


(5 MHz - 4.9 MHz) 
(1.75 - 1.25) 


1.257 (106) rad/sec/volt 


Kyco (5 5 MHz) 


7 (5.6MHz - 5.5 MHz) 

(9.30 - 7.00) 


0.2732 (106) rad/sec/volt 


programmable divider 

The programmable divider is a digital circuit that 
provides simple programmable integer frequency di¬ 
vision. Frequency division is possible to beyond 1 
GHz using available ICs. 

The gain of the programmable divider is: 

Since K N is a function of N, two values of K^ must 
be specified. For example, a synthesizer is required 
to tune 5.00-5.50 MHz in 10 kHz steps. If a simple 
loop is designed as in fig. 2, then the reference fre¬ 
quency will be 10 kHz and: 


= 10 kHz = 300 
and K n (5 MHz) = ~^ = 0.002 





fig. 4. CD4046 phase del 

tector transfer function. 
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N(5.5 MHz) = “““““ = 550 


and K n (5.5MHz) = ^ ~ 0 00182 

Programmable dividers are often programmed 
from microprocessors, thumbwheel switches, or dig¬ 
ital counters which may also drive a display. 

loop filter 

The loop filter is always the last circuit to be de¬ 
signed because it requires values of K^, Kyco, and 
K n to determine component values. The other infor¬ 
mation needed is or loop bandwidth, and £, or 
damping factor. As a rule 

up < and 0.7 < £ < 5 with £ = 1 



_ ( 2 ) 

+ 1 + + 1)2 TT 


a commonly chosen value. 

The loop filter provides two important functions — 
it filters the error voltage from the phase detector so 
that the VCO receives a "clean" tune voltage (any 
signal or noise on the VCO tune line would modulate 
it), and it controls the loop parameters. It controls 
loop stability, determines lock time, and influences 
the synthesizer phase noise and spurious signal per¬ 
formance. Because of its important effect on loop 
performance considerable attention should be placed 
on careful filter design. 

The active loop filter described in fig. 6 provides 
better control over loop parameters than passive 
filters. 

Component values for R,, R 2 , and Ci are calcu¬ 
lated as follows: 


< 2it 


(1) 



tj - RjCi - 


K<j>K VCO k N 

(uj 2 


(3) 


Where K VC o and K N are evaluated at the highest 
VCO frequency, 

h = R 2 C, = J (4) 

Choose a common value for C ;, such as 2.7 /iF, and 
then calculate R / and R 2 to determine whether they 
come close to common component values. 



For example, a synthesizer required to tune from 
5.000-5.500 MHz in 1 kHz increments might appear 
as in fig. 7. 

A CD4046 used as the phase detector has a of 
0.397 volts/radian. The VCO is the same one de¬ 
scribed earlier where Kyco = 1-257 to 0.273 x 10 6 
radians /second /volt. 

With the loop locking at 5.000 MHz, 

N = = 5000 and 

loti = 200 X 10 ~ 6 

With the loop locking at 5.500 MHz, 

181.82(10-6) 

With a reference frequency of 1 kHz and $ = 1, 
enough information is now available to design the 
loop filter. 

Evaluating eqs. 1-5 we obtain: 
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W(3 < 2ir or u) 0 < 62.83 rad/sec 

w _ 62.83 _ 

■J2(1)2 + i + [2(1)2 + l]2 + i 

~ 23.3 rad/sec 

„ „ (0.398)(0.2732)(10 6 )(181.82)(10~6) 

l ' “ “ f25.3/ 


<2 = R 2 Cj 


2 ( 1 ) 

(25.3) 


letting C; = 2.7/ifthen: 


79.1ms 



R, = = Hd kilohms 

~ 12 kilohms 

R2 = ^2 j~f t F = 2.9.29 kilohms 
® 35 kilohms 


[ (0.398) [(1.257)(1Q6)] f(200)( 1 0 -6)] 
V 32.4 ms 


= 55.57 rad/sec 

t = ( U J h = (55.57) 89.1 ms = 2 4? 
2 2 


If iJ; and had not come close to convenient 
values, then another value of Ci would have been 
tried and i?/ and R 2 recalculated. 

With loop filter components calculated, (see fig. 
8) a quick check is required to ensure proper loop 
operation with the chosen filter component values at 
both extremes of the synthesizer frequency range. 

At fyco = 5.000 MHz 

t, = R,C] = (12 kilohms)(2.7 nF) = 32.4 ms 


With £ greater than 0.7 the loop is considered 
stable. 

At fy C o = 5.500 MHz 


tj = 32.4 rr 
t z = 89.1 n. 




398) fO.2732 (106)] [18 1.82(10 -6)]_ 


t 2 = R2C, = (33 kilohms)(2.7pJF) = 89.1ms 



= 24.7 rad/sec 

, = 24.7 (89.1 ms) . . 

5 2 

Both a > n and £ are indeed very close to the design 
values; therefore, so will <00. The loop is definitely 
stable at both extremes of the synthesizer range and 
therefore at all points in between. This synthesizer 
should work fairly well. 

conclusion 

This first article demonstrates basic PLL synthe¬ 
sizer theory and design. Future articles will provide a 
more thorough explanation of the PLL and show 
more accurate methods of design. Methods to im¬ 
prove performance and test the loop will be included. 

In the final article a 5.000-5.500 MHz synthesizer 
design will be presented. Performance of the com¬ 
pleted synthesizer will then be compared with the ini¬ 
tial design goals. 

ham radio 
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Amateur packet radio: 

part 2 


Understanding 
the TNC 

This article describes the inner workings of a termi¬ 
nal node controller (TNC), with emphasis on those 
aspects which are novel and useful to others inter¬ 
ested in implementing digital radio systems. The dis¬ 
cussion is based on the TNC designed by the Tucson 
Amateur Packet Radio Corporation (TAPR).' 

As shown in fig. 1, the TNC is essentially a special- 
purpose microcomputer. In many ways it is very 
much the same as any small computer system in that 
it contains a central processor, memory, and input/ 
output (I/O) sections. The TNC differs from the aver¬ 
age home computer in its I/O design, however, and 
we shall focus on these features. 

The TAPR TNC uses a 6809 microprocessor, with 
24K bytes of read-only memory (ROM) for program 
storage, and 6K bytes of read-write memory (RAM), 
for message buffers and other temporary data. The 
serial I/O port conforms to the El A RS-232-C specifi¬ 
cation and is used to communicate through a termi¬ 
nal or with a computer. A dual 8-bit parallel I/O port 
is available for auxiliary use. A crystal-controlled 
clock provides system timing for various parts of the 
TNC. 

The components of the TNC that make it a packet 
radio controller, and that could be added to a per¬ 
sonal computer for a home-brew system, are the 
HDLC controller and the modulator/demodulator 



(modem). The HDLC controller is an LSI circuit 
which provides a convenient means for implement¬ 
ing much of the level 1 and level 2 protocol discussed 
in part one of this series (ham radio, July, 1983). It 
acts as a bidirectional digital port between the com¬ 
puter and the modem. 

Equivalent to an RTTY terminal unit, the modem is 
a key part of the TNC, and contains the interface cir¬ 
cuit that ties the computer to the station radio. It 
generates tones whose level can be adjusted for 
compatibility with the radio used, and its audio can 
be keyed to generate a Morse code station identifica¬ 
tion. The circuitry provides transmitter PTT line key¬ 
ing and a fail-safe timer to prevent excessively long 
key-down. The demodulator can be easily configured 
to accept audio from different radios, and includes 
LED level indicators for adjusting the receiver 
volume. 

The versatile-interface adapter (VIA) block in¬ 
cludes two 8-bit parallel I/O ports which communi¬ 
cate with the nonvolatile (RAM) semi-permanent 
storage, read user-settable switches, and control the 
modem. It also includes two counter-timers which 
provide interrupts for software timing and a program¬ 
mable clock signal for the HDLC controller. The non¬ 
volatile RAM, a Xicor NOVRAM™ which stores 32 
bytes of information without battery or other standby 
power, represents a new technological achievement 
that should have wide application in Amateur Radio. 2 

modem and radio interface 

Fig. 2 shows the radio and audio interface circuit¬ 
ry. Receiver audio output is buffered by one-half of 
U6 dual op amp. Provision is made at jumper JP9 for 
attaching a load resistor in place of the speaker. The 
audio passes through an LED limiter/level-indicator 

By Margaret Morrison, KV7D, and Dan Mor¬ 
rison, KV7B, 4301 E. Holmes, Tucson, Arizona 
85711, and Lyle Johnson, WA7GXD, 5971 S. 
Aldorn Drive, Tucson, Arizona 85706 
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to the MF-10 dual switched-capacitor audio input fil¬ 
ter, which is configured as a highpass section fol¬ 
lowed by a lowpass section. Both sections operate in 
Mode 3, as described by the manufacturer, 3 with a 
clock input of 115.2 kHz produced by the TNC sys¬ 
tem clock. The response of the filter is optimized for 
typical transceiver combinations using a computer- 
aided design procedure. 4 

The necessity for this filter is dictated by the audio 
spectrum of 1200 Hz and 2200 Hz NRZI data at 1200 
baud. This spectrum, shown in fig. 3, suggests that 
ideally the system should exhibit flat response from 
below 500 Hz to above 2900 Hz. In fact, the typical 
overall response measured using a pair of 2-meter fm 
transceivers is shown in fig. 4A. Without proper fil¬ 
tering the rolloff shown prevents data from being de¬ 
modulated much above 600 baud. The filter with the 
eight programming resistors shown (slightly different 
from those on the TAPR Beta TNC) restores the re¬ 
sponse to that shown in fig. 4B, and seems a good 
compromise for a wide variety of fm rigs. 

The filtered audio is demodulated by the XR2211, 
which is configured as recommended by Exar 5 for 
demodulating 1200 Hz and 2200 Hz 1200 baud data, 
except for the lock-detect filter at pin 3. For better 
immunity to false lock indications this filter’s time 
constant was increased. In addition to digital data 


from pin 7, the lock detect signal at pin 5 is required 
by the software to monitor channel activity. 

The MF-10/XR2211 demodulator combination 
works well with a wide variety of fm transceivers. 
However, the lowest bit error rates for a given degree 
of receiver quieting will be achieved only by custom 
tailoring the input filter to produce the proper re¬ 
sponse for a specific transceiver pair. Normal experi¬ 
ence is that data will be received perfectly under "full 
quieting" conditions, but deteriorates rapidly as the 
noise level goes up. 

Data originating on the TNC at the TxD output of 
the WD-1933 generates phase-continuous AFSK via 
the XR2206 modulator. As in the case of the demod¬ 
ulator, Exar's recommended values were used for 
loop components. 6 A control signal generated by the 
TNC's VIA under software control is used at point E 
to key the AFSK signal on and off. This permits the 
software to generate the CW identification and to 
eliminate modulator output except when actually 
sending packets. The modulator output is buffered 
by the second section of U6 before going to the mi¬ 
crophone input of the transmitter. 

The remaining circuitry of fig. 2 grounds the 
radio's P TT line to key the transmitter whenever the 
WD-1933 MSCOT output is brought low. To prevent 
channel lockup a NE555 one-shot "watchdog" times 



fig. 1. Block diagram of the TAPR Beta TNC, showing system architecture. 
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tails of these circuits will now be discussed; if you 
have a TNC, this information will help clarify some of 
its design considerations. Should you choose to 
homebrew a packet adapter for your computer, the 
discussion will serve as an example. 

The most important such chip on the TNC is the 


HDLC controller. There are several HDLC controller 
chips on the market today, and more are being in¬ 
troduced regularly. This is fortunate for the would-be 
TNC designer, because the HDLC chip relieves him 
of a fairly complex hardware design (typically 19 SSI 
and MSI ICs) or an equivalently complex software 



22 ffl August 1883 










program (in assembly language) to implement those 
parts of the HDLC protocol standard adopted by the 
overwhelming majority of packeteers. 

As mentioned in the previous article, the most fre¬ 
quently used digital signalling technique employs 
Non-Return to Zero, Inverted (NRZI) encoding. This 
means that a digital zero is encoded as a transition 
from a high to a low or vice-versa, while a one is 
passed as the absence of a transition. The result of 
this, along with "bit-stuffing" (in which a zero is in¬ 
serted by the sending station after five consecutive 
ones and stripped out at the receiving end), is that 
the clock signal can be recovered from the data 
stream. A phase-locked clock is necessary to ensure 
proper recovery of the data in this synchronous data 
mode, since the data must be latched in the middle 
of a bit and not, for example, just as a transition 
occurs. 

Clock recovery is fairly straightforward using a 
phase-locked loop (PLL). Fortunately, the NRZI 
scheme is also widely used in the commercial world, 
so a few manufacturers have included a Digital PLL 
(DPLL) on their HDLC controller chips. In order to 
minimize the number of chips used in the TNC, both 
the VADCG and the TAPR designs incorporate these 
HDLC controllers. 

Among single-channel devices, only the Intel 8273 
and the Western Digital 193X series incorporate the 
DPLL, and the TAPR TNC uses the WD-1933, as it is 
generally about half the price of the Intel device. Of 
course, nothing is free, and some special considera¬ 
tions apply when interfacing this chip to a microcom¬ 
puter. The software must take account of the in¬ 
verted data bus of the WD-1933 which treats zeros as 
ones and vice-versa. In addition, the interrupt lines 
must be buffered and inverted prior to connection to 
the control bus. Furthermore, this chip requires a 
baud rate clock 32 times the data rate (for 1200 baud 


this means a 38.4 kHz clock) to drive the DPLL when 
using the NRZI mode, and also requires a special 
reset signal to be applied after the baud rate clock 
has been applied. 

In exchange for these interfacing considerations, 
the HDLC controller provides automatic generation 
of pre-frame and post-frame flag bytes for synchroni¬ 
zation, transparent bit-stuffing on transmit and un¬ 
stuffing on receive, recovery of the clock signal from 
the incoming data stream, calculation of the Frame 
Check Sequence (FCS) used to validate data integri¬ 
ty on both transmit and receive, and automatic de¬ 
tection and reporting of errors in sending or receiving 
a frame. All in all, the usefulness of these LSI devices 
more than compensates for any interface difficulties. 

In order to supply the HDLC controller with the 
needed reset and clock signals, and to provide other 
services, the TAPR TNC incorporates a 6522 Versa¬ 
tile Interface Adapter (VIA). This unit contains a pair 
of 8-bit parallel ports, which can be set on a bit-by-bit 
basis for input or output. Two of the four handshaking 
lines provided are used as single-bit control outputs. 
A pair of 16-bit counter-timers are also provided. 

One of the control lines is used to provide a soft- 




u* 
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OPTIMIZED FROM 1000 HZ TO 2400 HZ I 
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,/ N 


fig. 4A. Measured frequency response using a pair of 2- 
meter FM transceivers, fig. 4B. The same frequency re¬ 
sponse after filtering. The filter design was optimized 
for the range 1000 Hz to 2400 Hz. 
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ware controlled reset to the HDLC chip, while the 
other is used to effect a tone on-off command to the 
modem. This allows generation of an easily-copied 
CW station identification, as well as enabling an 
operator to insert a voice signal over the channel 
without disconnecting the TNC from the radio. 

Two lines of one of the 8-bit ports (port B) connect 
to the internal 16-bit counter-timers. One timer is 
used as a software-controllable baud rate generator 
for the HDLC chip. This not only allows the operator 
a simple means for control of the baud rate, it also 
allows generation of non-standard baud rates, such 
as the 400 baud used in the AMSAT Phase III 
satellite. 

The other timer is used for calibrating the modem 
frequencies and for primary system timing. From this 
clock are derived all the various clocks that must be 
updated for proper operation of the packet station of 
which the TNC is an integral part. 

Two lines on the VIA are used to test the settings 
of a pair of switches on the board. These switches 
may thus be read by the software and are presently 
being used to tell the TNC whether to use the default 
parameter settings found in the system EPROM or 
whether to take these parameters from NOVRAM™ 

The remaining lines from the VIA parallel port are 
used for the NOVRAM™ interface. This helps pre¬ 
vent accidental alteration of NOVRAM™ parameters, 
as well as easing system bus timing constraints. The 
NOVRAM™ is a nibble-oriented device, meaning 
that its data bus is only 4 bits wide, rather than the 8- 
bit bus width of the host microprocessor. It also has 
six address lines and four control inputs. The control 
lines allow for device selection, read/write control of 
data between the RAM portion of the chip and the 
data bus, recall of the contents of the Electrically 
Eraseable Programmable Read Only Memory 
(EEPROM), and storing of data from RAM into 
EEPROM. 2 

The presence of the NOVRAM™ permits long¬ 
term storage of parameters peculiar to the station, 
such as the call sign and terminal characteristics. In 
addition, infrequently adjusted parameters, such as 
those associated with the timing of data retries and 
other link activity, may be stored. Without such a 
long-term storage function there are only two 
choices. Either the operator must enter all necessary 
information every time the unit is powered up (which 
is not too practical), or the various parameters must 
be "burned-in" at assembly time, meaning that the 
operator must have his EPROMS erased and re-pro¬ 
grammed every time he wants to change baud rates, 
call sign, station ID, and so forth. 

controller software 

The software present on the TAPR TNC is organ¬ 


ized on two levels. The High Level Routines (HLRs) 
implement the machine-independent logical proc¬ 
esses associated with protocol decisions and re¬ 
sponse to user commands. These routines know 
nothing of the hardware details of the TNC and, in 
fact, are written in a transportable high level lan¬ 
guage (Pascal). As the HLRs require data transfers or 
status information they call subroutines contained in 
the Low Level Routines package (LLRs), and leave 
the nitty-gritty details of interrupt service, terminal 
editing features, and timer maintenance to the LLRs. 
The LLRs, naturally, are written in 6809 assembly 
language, and are definitely not transportable. How¬ 
ever, the logical organization of the LLRs is universal 
and should serve as a model for other implementa¬ 
tions of packet radio. 

The HLRs can be divided roughly into two major 
parts. One implements the command protocol, 
allowing the user to request connect and disconnect 
packets, control the digital-relay function of the sta¬ 
tion, and perform other tasks as necessary. For the 
TAPR TNC, this section consists of a command 
parser which compares a string of characters from 
the terminal with a list of commands and takes 
appropriate action when a match is found. In addi¬ 
tion to issuing connect and disconnect packets, the 
user can alter program parameters, save the param¬ 
eters in nonvolatile RAM, display current parameter 
values, identify in Morse code, change input mode, 
or enter a special service routine. For maximum flexi¬ 
bility in a test environment, the parser controls some 
sixty parameters, including the operator's call sign, 
terminal attributes, input editing features, radio inter¬ 
face characteristics, packet baud rate, and timing 
parameters 6 . 

The other part of the HLRs is a procedure which 
implements the packet radio protocol. This section 
assembles and disassembles packets, maintains 
information about the link status (for example, to 
whom you are connected), keeps track of unac¬ 
knowledged outbound packets, acknowledges in¬ 
bound packets, and sends supervisory packets as re¬ 
quired by whatever protocol is implemented. This 
routine watches a clock to time retransmissions of 
unacknowledged packets, formulates input from the 
terminal into packets, and passes the contents of re¬ 
ceived packets to the terminal. 

Both sections of the HLRs depend on the LLRs to 
maintain buffers and perform I/O under interrupt 
control. The LLRs also update clocks on receipt of 
timer interrupts and service the non-volatile RAM. 
When the program is required to transmit a message 
to the terminal or to send a packet, the information is 
actually loaded into a buffer to be sent when the 
peripheral component is ready. Similarly, the pro¬ 
gram reads incoming information not directly from 
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the peripheral, but from a buffer. The presence of 
complete messages to be read is signalled by flags 
set by the low-level input routines. This makes it rela¬ 
tively easy to implement the protocol in a high-level 
programming language without direct access to the 
peripheral devices! 

The utility of the HLR/LLR separation cannot be 
overemphasized. It allowed, for example, the two 
sections of the HLRs (command parser and packet 
protocol generator) as well as the LLRs to be devel¬ 
oped independently by three people, in two different 
cities, on three different computers, prior to the final 
integration onto the TNC. 

program structure 

The structure of the packet protocol section of the 
HLR is shown in fig. 5. This procedure is part of an 
infinite loop in which all routines alternately check for 
tasks to be done. 



fig. 5. Flowchart for operation of the packet protocol 
HLR routine. 


The first half of the procedure is concerned with 
reading incoming packets and determining the 
appropriate action to take. The action taken on re¬ 
ceipt of a packet addressed to this station is deter¬ 
mined by the protocol! 8 Several possible link states 
are defined, which are stages in the communication 
sequence starting with a connect request and ending 
with a disconnect request. For each type of packet 
received (specified by the CONTROL field) there is a 
prescribed action depending on the link state. If the 
action involves sending a packet — say, an acknowl¬ 
edgment — a flag is set for the second half of the 
procedure. When all incoming packets have been 
read, the clock is checked to see if packets have been 
sent which should have been acknowledged by now. 

The second half of the packet protocol procedure, 
which sends outgoing packets, is entered only if the 
frequency is clear, indicating that all packets of a 
group have been received. This is determined by 
monitoring the demodulator carrier detect signal. 
Outgoing packets are formulated with header infor¬ 
mation and moved to the outgoing packet buffer fol¬ 
lowing any packets being retried. Acknowledgments 
are sent as part of the control information with these 
packets if possible; otherwise, a special acknowledg¬ 
ment packet is sent. Finally, any special supervisory 
packets requested either in the first section of the 
procedure or by the user are sent. When transmis¬ 
sion is complete, the clock is started for packets 
which should be acknowledged. 

I/O management 

The interrupt-driven I/O routines contained in the 
LLRs basically form a simple operating system for 
supporting the HLRs? In order to isolate the main pro¬ 
gram from the details of the hardware, all input and 
output is done through buffers. Since the HLRs do 
not examine incoming data until an entire line or 
packet has been received, terminal support such as 
character echoing, line-feed insertion, and response 
to character, line, and packet delete instructions (im¬ 
plemented by single editing characters) are managed 
by the low-level interrupt routines. 

The structure of a typical buffer is shown in fig. 6. 
There are four buffers, input and output buffers for 
terminal and radio data, each of which is accessed by 
an insertion pointer and a removal pointer. An input 
buffer, for example, has an insertion pointer which is 
advanced by an LLR interrupt routine as data is read 
from a peripheral device, and a removal pointer 
which is advanced by the HLR as it reads the data. 
All buffers are circular, meaning that when a pointer 
reaches the top of the buffer space it is moved back 
to the bottom. Input buffers require additional point¬ 
ers to mark the beginning of a string which may be 
deleted by an editing command from the terminal, or 
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in the case of the packet input buffer, by an error 
occurring during receipt of a packet. Since a data 
string can be any length, the end of a packet or com¬ 
mand line must be marked, either by a special char¬ 
acter in the buffer or by a byte count at the beginning 
of the string. 

interrupt handling 

Only one hardware interrupt-request input of the 
6809 microprocessor is used in the TAPR design — 
all interrupt lines are wire-ORed together. This means 
that when an interrupt occurs, each peripheral which 
could have generated it must be queried in turn, and 
an appropriate routine selected from a dispatch table 
when the cause of the interrupt is identified. Since 
more than one device could be in need of service at 
once, the order in which the devices are queried 
determines the interrupt priorities, which are as 
follows: 

1. UART (terminal) input 

2. UART output 

3. VIA timer interrupt 

4. HDLC (radio interface) 

5. Parallel port input 

6. Parallel port output 

The serial input port is given highest priority, since if 
a character is not read before a new one is received, 
it is lost. The radio I/O interrupts are placed relatively 
low, since servicing the WD-1933 chip is complex 
and potentially time-consuming. Data lost in either 
direction due to slow service of this chip will be de¬ 
tected as an error, and the packet will be retransmit¬ 
ted. If the parallel port is used for user I/O, it should 
be serviced last, since full “handshaking" is used, 
and a sending device will not send new data until the 
old data has been read. 

The timer interrupt is generated as the timer 


counts down past zero. By examining the count, the 
service routine can determine the actual elapsed time 
and compensate for any delay caused by conflict 
with other interrupts. For this reason, the priority for 
servicing the timer interrupt is arbitrary. Compensa¬ 
tion must be made for the fact that the two count 
bytes are read at different times. 

The timer interrupt service routine has a special 
function. After the software counters have been up¬ 
dated, a general housekeeping routine is entered. 
Time elapsed since a carrier drop is monitored and a 
packet transmission may be started from this routine. 
The CW station identification is also sent at appropri¬ 
ate intervals, and the timer routine toggles the audio 
signal on and off to produce dits and dahs. 

The WD-1933 HDLC controller generates inter¬ 
rupts for the following seven conditions: 

Receive Interrupts (by priority) 

Data received 

Received message without errors 
Received message with errors 
Change in carrier detect state 

Transmit Interrupts (no priority) 

Data requested 

Transmitted message without errors 
Transmitted message with errors 
(Abort signal sent automatically) 

Since they may potentially be present in any combi¬ 
nation, and querying the chip resets most conditions, 
all conditions must be checked on each interrupt. 
The only difficulty results when logically inconsistent 
or out-of-place interrupts occur. For example, the 
presence of both “Received message without errors" 
and "Received message with errors," or a carrier- 
detect change while the transmitter is keyed, may 
occur. This is solved by ordering the receive interrupt 
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priority as shown. Carrier detect can be ignored dur¬ 
ing transmission. 

Transmit interrupts present a different sort of 
problem. The WD-1933 transmits HDLC frames 
automatically, but it must be commanded to send 
each section of the frame — flags, data, and frame- 
check sequence. While the transmit function is ac¬ 
tive, it generates regular interrupts. These are "Data 
request” if the data function is commanded, and 
otherwise "Transmit end of message." These inter¬ 
rupts are treated as equivalent, and the interrupt 
service function is determined by the progress of the 
packet being transmitted. 


In the first article of this series we described packet 
radio and the protocols in general use. In this article 
we have presented some details of the actual imple¬ 
mentation of these concepts. 

The TNC design presented represents the culmina¬ 
tion of nearly two years of intensive effort by several 
Amateurs. These efforts resulted in both the forma¬ 
tion of Tucson Amateur Packet Radio, a nonprofit 
R&D corporation of over 300 members worldwide, 
and the design and distribution of the TAPR TNC. 

The TNC design was subjected to a Beta test with 
172 boards placed at 19 sites. This test served to pro¬ 
vide many useful improvements. Perhaps most im¬ 
portantly, it exposed literally thousands of Amateurs 
to this exciting new mode. We expect that soon 
there will be a rapid expansion in the use of this mode 
among Amateurs, and hope that you will join it. 
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testing baluns 


In recent years baluns have become widely used in 
the antenna systems of most Amateur stations. Be¬ 
cause of their popularity, many companies manufac¬ 
ture and advertise baluns regularly; their relative sim¬ 
plicity encourages many Amateurs to wind their 
own. Unfortunately, very little has been published 
about the performance requirements of baluns or 
even about which performance parameters are im¬ 
portant. The performance characteristics of baluns 
can be measured, however, and by testing baluns 
according to the procedures described, users can 
learn what to expect from the baluns they install in 
their own antenna systems. 

The tests described apply primarily to the familiar 
1:1 transmission line balun of either the toroidal or 
ferrite rod type (see fig. 1), but may also be coinci¬ 
dentally appropriate for the 4:1 auto-transformer 
type balun. 

Generally more than one test can be used to meas¬ 
ure a given parameter. Most tests can be performed 
using equipment available to Amateurs. The choice 
of test will depend, to some extent, on whether the 
balun is purchased or homemade, since this will 
determine what terminals are available for testing. 
Because some tests require that the tertiary winding 
be disconnected from the top section of the main 
winding, not all tests can be applied to a purchased 
balun. All commercial baluns are factory-sealed and 
cannot be opened without breaking their cases; con¬ 
sequently, it is impractical to open the tertiary junc¬ 
tion. With a homemade balun, all tests can be made 
before the tertiary winding is connected to the 
circuit. 

balun operation 

A balun serves two principal purposes. First, it pro¬ 
vides two equal and opposite voltages to a balanced 
load with respect to ground. Second, the balun pro¬ 
vides isolation between the balanced load (usually a 


dipole antenna) and an unbalanced transmission line 
(coaxial cable). Of particular importance is isolation 
between the coaxial outer conductor and the half of 
the dipole connected to the outer conductor. If this 
isolation is not adequate, then this half of the anten¬ 
na essentially extends down the outside of the coax¬ 
ial outer conductor and into the ham shack. This, of 
course, is undesirable. Fig. 2 shows the problem 
graphically. 

Your transmitter is actually a generator that drives 
a coaxial transmission line which is connected to a di¬ 
pole. Assume the polarity is such that a current, lj, 
flows into the center conductor from the left half of 
the dipole; an equal and opposite current, I2, flows 
up the inside of the outer conductor. At the junction 
point between the outer conductor and the right half 
of the dipole, current I2 divides. 

Because of skin effect at radio frequencies, the in¬ 
side and outside of the outer coaxial conductor may 
be thought of as two separate conductors. The divi¬ 
sion of the current I2 into I3 and I4 depends on the rel¬ 
ative impedances of the right half of the dipole and 
the impedance of the path down the coaxial outer 
conductor into your ham shack and through the 
power wiring to ground. If this length is an odd num¬ 
ber of half wavelengths, the impedance will be low 
compared to the impedance of one-half a dipole 
(usually taken to be about 35 ohms). Much of the 
current I2 will flow back down the outside of the co¬ 
axial and I4 will be relatively high. Consequently I3 
will be low and different from lv In addition to caus¬ 
ing the antenna to be fed asymmetrically, the outside 
of the coaxial can also be "hot" inside the shack, 
which not only creates operational problems, but in¬ 
troduces a safety hazard as well. However, if the 
length down the outside of the coaxial to ground is 
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an odd number of 1 /4-wavelengths, this impedance 
will be relatively high, forcing l 4 to be small in com¬ 
parison to I3 and the balancing dipole. The balun pro¬ 
vides isolation between the right half of the dipole 
and the outside of the coaxial, and at the same time 
provides equal and opposite voltages and currents to 
the two halves of the dipole. Let's see how a 1:1 
transmission line balun accomplishes these objec¬ 
tives. 

1:1 balun 

The simplest form of the 1:1 transmission line 
balun is shown schematically in fig. 1. Here a trans¬ 
mission line with a characteristic impedance (Z q) is 
wound on a rod or toroidal ferrite core. One end of 
the winding is connected to the coaxial cable; the 
other end is connected to the balanced load, as 
shown. The characteristic impedance of the winding 
should be as close to that of the coaxial line and the 
load resistance as practical. One popular balun 
design 1 uses small 50-ohm coaxial (RG-141) wrapped 
around a 2-1 /2 inch diameter (6.25 cm) toroid. 

A commonly held view is that the inductance of 
the winding provides isolation and guarantees bal¬ 
anced voltages across the balanced load. Unfortu¬ 
nately, both these conditions may not occur in this 
design. The generator currents (li and I2 in fig. 2) are 
equal and opposite; hence there is no magnetic flux 
developed in the toroid and the inductance of the 
balun is essentially zero. The balun merely acts like 
an extra length of transmission line. 

Assume an unbalanced condition, with current I4 
(fig. 2) flowing. Since there is no equal and opposite 
current flow, a magnetic flux will develop. If the in¬ 
ductance of the balun is sufficient, then the resulting 
counter EMF will limit I4 and effectively isolate the 
balanced and unbalanced sides of the balun. The 
balun will therefore provide isolation. Counter EMFs 
will also develop on the inside of the coaxial shield 
and on the coaxial inner conductor; these will be in 
series opposition and do not affect the balun's oper¬ 
ation. 


Unless the center-tap of the balanced load is 
grounded or a tertiary winding is used, there is no 
ground reference point on the balanced side and no 
guarantee that the balanced side output is actually 
balanced with respect to ground. The degree of bal¬ 
ance, if any, depends on parasitic inductances and 
capacitances and is not under control of the user. 
The only way the user can guarantee a balanced out¬ 
put is to actually ground the center-tap of the load. 
The lack of balance on a two-winding balun has been 
verified by actual measurements. 2 

To guarantee balanced output voltages and ade¬ 
quate isolation, it is necessary to provide a path for 
magnetizing current. Ruthroff 3 has stated that with 
the balanced load disconnected, there must be dc 
continuity between the unbalanced input and 
ground. The two-winding balun does not provide this 
continuity. 

In order to guarantee balanced output voltages as 
well as provide adequate isolation, a tertiary winding, 
EF (see fig. 3), must be added. Note that the polarity 
of the tertiary winding is reversed. 

If the voltage at the unbalanced input is V volts, 
the voltage at point B is V/2 volts since point B is 
halfway down the winding AB-FE with V/2 volts 
being developed in each winding. This is better 
shown when fig. 3 is redrawn as an auto-transformer 
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as shown in fig. 4. This arrangement guarantees that 
the balanced output voltages are balanced with re¬ 
spect to ground, provided that the coupling between 
tertiary and main windings is "tight." 

Though fig. 4 is drawn as an auto-transformer, the 
balun is nevertheless a transmission line device. Sig¬ 
nal currents flow only through the transmission line 
windings and the input impedance/load impedance 
relationship follows the transmission line equation 
and not the auto-transformer law. With this thought 
in mind we will move on to the actual tests. 

dc ohmmeter test characteristic impedance 

One of the simpler tests, to determine if the balun One of the most important parameters of any 

has a tertiary winding or not, is one that should be transmission line balun is its characteristic impe- 

performed on any purchased balun. That test is im- dance which should be the same as the characteristic 

portant because a tertiary winding is absolutely impedance of the transmission line with which the 
essential if the balun is to work properly with most balun vyill be used. If too great a difference between 
antennas. these impedances exists, use of the balun may cause 

This test consists simply of measuring the dc resis- mor e problems that it cures, 
tance between the unbalanced input terminals and There are several ways of measuring the character- 

ground with the balanced terminals open-circuited jstic impedance of a balun. The method used will 
(see fig. 5). If a tertiary winding is present, this resis- depend on the measuring instrument available and 

tance should be a few tenths of an ohm and will on whet her or not the balun is store bought or home- 

appear on most ohmmeters as a short-circuit. An made. 

open circuit reading indicates no tertiary winding. Perhaps the most straightforward method of 

Using an accurate ohmmeter or Wheatstone measurement is to take advantage of the fact that 

bridge can provide other information. With the un- t he characteristic impedance can be found by taking 

balanced side open-circuited, measure the dc the square root of the input impedance with the far 

resistance between each balanced load terminal and enc | open-circuited and short-circuited or: 

the grounded side of the unbalanced terminal. Each _ 

of these resistances should be one-half the value ob- z o = s2 oc Z iC 

tained in the first test. The success of this test en- While this approach is theoretically straightforward, 

sures that each of the windings is the same length jt presents instrumentation problems. At some fre- 

and that the balun is reasonably well balanced, at quencies, the input impedance of the line will have a 

least in regard to dc. very high or very low resistive and/or reactive com¬ 

ponent for either an open- or short-circuited condi¬ 
tion at the far end with one or more of these compo¬ 
nents outside the range of the measuring instrument. 
If it is possible to find a frequency or a test instru¬ 
ment where both open- and short-circuit measure¬ 
ments can be made, this method provides a conven¬ 
ient way to determine the characteristic impedance 
of the balun. 

It is important to note that this test can not be used 
with a tertiary winding connected. If the balun is 
homemade, make the test with the tertiary winding 
in place but not yet connected to the main windings. 
If the balun is commercially made, you may have to 
figure out a way to open the balun and disconnect 
the tertiary winding. If this is not practical, use a dif¬ 
ferent measuring technique. 

A second method which does not put such severe 
requirements on the test equipment but is more time 
consuming is to measure the input impedance of the 
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balun with an arbitrary load impedance as the electri¬ 
cal length of the line changes, or place the value of 
load resistance across the balanced load that you 
think the balun characteristic impedance is, or that 
you would like it to be. Then measure the input impe¬ 
dance of the balun across the frequency range and 
see how close your guess was. Fig. 6 shows the in¬ 
put impedance of a transmission line balun with four 
different values of load resistance: 65, 76, 84, and 
101 ohms. 

Starting at the top, notice that the input impe¬ 
dance with the 101 ohm load rolls off at higher fre¬ 
quencies. At first glance this roll-off appears as nor¬ 
mal high-frequency drop off. However, looking at 
the 65-ohm load line, we see a "roll up" in the input 
impedance as the frequency increases. These two in¬ 
put impedance characteristics suggest the impe¬ 
dance inverting effect of a 1/4-wave transmission 
line whose characteristic impedance, which is what 
we are trying to find, is between 65 and 101 ohms. 

Looking between 65 and 101 ohms, we see that 
the 84 ohm line rolls off slightly while the 76 ohm load 
response is practically flat - only a very slight roll¬ 
up. This indicates that the characteristic impedance 
of the balun is just above 76 ohms. If these measure¬ 
ments were made beyond a 1/4-wavelength, the 
slope of the curves would reverse and the frequency 
for a 1/4-wavelength could be determined. My 
equipment does not go high enough in frequency to 
do this, however. 

If a General Radio 821 Twin-Tee admittance 
bridge 4 or similar instrument is available, a third 
approach may be used that gives not only the char¬ 
acteristic impeda ce but the electrical length of the 
winding as well. If the physical length of the winding 
(in inches or meters) is known, the velocity coeffi¬ 
cient of the winding can also be determined from this 
data. 

This test is based on the fact that a short-circuited 
transmission line 1/8-wavelength long has an induc¬ 



tively reactive input impedance equal to the charac¬ 
teristic impedance of the line. Similarly, if the far end 
is open-circuited, the input impedance presents a 
capacitive reactance equal to the characteristic impe¬ 
dance. This can be seen by examining the transmis¬ 
sion line equation for the short-circuited case, which 
is the simplest: 


2 in = 2„ 


Z r cos X + jZ 0 sin X 
ZqcosX + jZ r sin X 


when Z r = 0 (short circuit load) 

then Z in = Z„ ~- i —^ = jZ 0 tan X 
Zo cos X 

when X = \/8or45°, 

then (since tan 45° = 1) Z (ra = jZo 

The open-end and short-circuit values of reactance 
are plotted versus frequency on the same piece of 
graph paper; the reactance at which they intersect is 
the characteristic impedance of the balun. An exam¬ 
ple of this is shown in fig. 7. Also, the frequency of 
intersection is the frequency at which the balun is 
1 /8-wavelength long. The electrical length at any fre¬ 
quency can easily be determined from this. 

If the physical length of the line is known, the 
velocity coefficient of the transmission line, k, can be 
determined by calculating the 1 /8-wavelength of the 
intersection frequency in free space and dividing this 
into the measured length of the balun winding. 

_ measured leneth winding 
~ calculated length X/8 free space 

Because this test cannot be used when the tertiary 
winding is connected, it can be used only on home¬ 
made baluns or commercial baluns where the tertiary 
winding can be opened. 

The limitations on the test equipment are that the 
impedance measuring device must be capable of 
measuring impedances with high resistive compo¬ 
nents and measuring reactive components in the 
range of the expected characteristic impedance at 
the frequency where the balun is 1/8-wavelength 
long. 

winding inductance 

The balun winding inductance is important be¬ 
cause it determines the frequency range over which 
the balun can be used and also determines balun iso¬ 
lation. In general, the winding reactance should be 
about five times the characteristic impedance for a 
general purpose balun. You may want to use a factor 
of ten times the characteristic impedance for a preci¬ 
sion or an instrument balun, however. 
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As the frequency increases, the balun impedance 
increases until the inductance resonates with the 
stray capacity across the inductance. At this fre¬ 
quency, the impedance of the winding and the isola¬ 
tion are the highest. As the frequency is further 
increased, the impedance becomes capacitively reac¬ 
tive and decreases until series resonance occurs and 
the winding is effectively a short-circuit. The balun is 
obviously worthless at this frequency as the balun 
develops no isolation between the balanced and un¬ 
balanced sides. There is no problem in operating the 
balun through parallel resonance, but it should not 
be operated above the frequency where the impe¬ 
dance falls below about five times characteristic im¬ 
pedance. Fig. 8 shows a typical inductance curve. 

To perform this test, the tertiary winding must be 
disconnected so you may not be able to make these 
measurements on a commercial balun. The test 
arrangement is shown in fig. 9. 



fig. 8. A typical balun reactance versus frequency char¬ 
acteristic. Isolation is at least five times the character¬ 
istic impedance from 2.5 MHz to above 40 MHz. 


coefficient of coupling 

The coefficient of coupling between the main 
winding and tertiary winding is important because it 
affects the degree of balance of the balanced output 
and also limits the high frequency response. To 
measure the coefficient of coupling, the tertiary 
winding must be disconnected from the main wind¬ 



ing; again, this will restrict the testing to homemade 
baluns. The procedure is simple; measure the induc¬ 
tance of the main winding as described in the preced¬ 
ing test, with the tertiary winding open-circuited and 
again with the tertiary short-circuited. Use the equa¬ 
tion: 



Values of k — not k 2 - should be at least 0.98 to 
0.99. If the coefficient of coupling is less than about 
0.98, you should expect problems, especially if 
broadband operation and/or a mismatch condition 
exists. Since this test involves measuring the induc¬ 
tance of the main winding, it is convenient to do it 
simultaneously with the inductance test. 

achieving a balanced output 

A very important performance characteristic of 
any balun is the degree of balance of the balanced 
output (assuming a balanced load). Fortunately, the 
test for this is easy to do, and a number of different 
approaches are possible. 

The simplest and most direct approach is to meas¬ 
ure the rf voltage between each side of the balanced 
load and ground over the frequency range of inter¬ 
est. If the input voltage is held constant, any unbal¬ 
ance or variations in the transmission through the 
balun will be apparent. 

Another approach is to use a dual channel oscillo¬ 
scope with one channel connected to each of the 
balanced terminals. This has the advantage that 
phase differences between the two halves of the bal¬ 
anced output can also be measured by the horizontal 
displacement of the two traces. 
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A variation on this test is convenient for measuring 
the electrical length of the winding; connect one 
scope channel to the balun input (unbalanced input) 
and the second channel to the high side of the bal¬ 
anced output of the balun. The balanced voltage to 
ground at this point should be one-half the input volt¬ 
age for a 1:1 balun. You will probably want to syn¬ 
chronize the scope on the channel connected to the 
balun input. The electrical length of the winding can 
be determined from this measurement from the hori¬ 
zontal displacement of the two traces. Scopes with 
vertical channel responses of 30, 45, and even 60 
MHz are now readily available to Amateurs, making 
this an attractive method. 

The ideal method of measuring the balance is to 
use a Hewlett-Packard model 8405A vector volt¬ 
meter; this instrument measures the magnitude of 
two voltages and the phase angle between them. 
Unfortunately, this is a $5000 instrument and very 
few Amateurs can afford to spend this much for a 
voltmeter. If you are employed in electronics, see if 
your lab has one; it's a common instrument in rf labs. 
The vector voltmeter can also be used to determine 
the electrical length of the balun. 

Another simple and useful test for estimating the 
degree of balance is to use a balanced load impe¬ 
dance composed of two resistors in series, with each 
resistor being one-half the value of the desired bal¬ 
anced load. The input impedance is then measured 
with the center-tap of these resistors both grounded 
and open-circuited. If the balun and load are well bal¬ 
anced, there will be no change in the input impe¬ 
dance of the balun when the center-tap of the load is 
grounded or ungrounded. By "grounding the center- 
tap," I mean connecting the center-tap to the 
grounded terminal of the unbalanced input. When I 
have performed this test on a well-designed balun, I 
have found that the change in input impedance is 



always less than the width of the calibration line of 
the dial. 

As the balance test must be made with the balun in 
its final operating configuration, it can be made on 
commercial baluns as well as homemade ones. This 
is one of the simplest and most effective tests I am 
aware of for determining the effectiveness of a 
balun. As the balun test involves only measurements 
of input impedances, it is convenient to check bal¬ 
ance when the input impedance is measured. To 
demonstrate the benefit of a tertiary winding, try 
making this test on a 1:1 balun without a tertiary 
winding. 

short-circuit test 

This test was first described by Reisert. 1 Readers 
have often called it to my attention after publication 
of my previous articles about baluns. 2 4 5 Basically, 
this test is intended to give an estimate of the isola¬ 
tion provided between the balanced and unbalanced 
sides of the balun. 

This test is performed by measuring the input im¬ 
pedance at the unbalanced terminals with a normal 
balanced load connected to the balanced side. The 
input impedance is again measured when each of the 
balanced terminals is shorted to ground. If baluns 
provided perfect isolation, there would be no change 
in the measured input impedance; but because noth¬ 
ing is perfect, some change in input impedance 
should be expected. Despite extensive reading in the 
field, I have not yet discovered what constitutes an 
acceptable change in input impedance, but I would 
assume that a change of ten percent or less is ac¬ 
ceptable. This would suggest that the series impe¬ 
dance of the balun is at approximately ten times its 
characteristic impedance. 

However, this test must be approached with ex¬ 
treme caution. First, if the balun has a tertiary wind¬ 
ing, shorting the high side of the balanced terminal to 
ground will also short-circuit the tertiary winding. As 
the tertiary winding is tightly coupled to the main 
windings, this will effectively short-circuit the main 
winding, thereby ruining the balun action. If the bal¬ 
anced-load center-tap is grounded, shorting either 
side to ground will also short-circuit one-half of the 
load resistance, which will obviously affect the input 
impedance. 

My principal objection to this test, however, is that 
the test conditions alter the operating conditions of 
the balun. Grounding either balanced terminal pro¬ 
vides a path for the magnetizing current (a dc path to 
ground) and also increases the voltage across the 
main winding by a factor of two — from V/2 volts to 
V volts where V is the unbalanced input voltage. For 
these reasons, I am not convinced that this test is 
really a reliable indication of balun performance. 
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core saturation 

One final test that should be mentioned is mag¬ 
netic saturation of the core. I have not tried this test 
myself, but it's easy enough to perform, at least in 
theory. Wrap three or four turns of insulated wire 
around the balun core and connect it to an oscillo¬ 
scope. If the waveform on the scope is a sine wave, 
the core is not being saturated. The test must obvi¬ 
ously be made at full power while connected to the 
actual load. This presents some practical as well as 
safety problems. 

summary 

I have briefly discussed the purposes and opera¬ 
tion of a 1:1 transmission line balun and described 
seven tests that can be used to measure the charac¬ 
teristics of the balun. The tests include: 

1 . tertiary winding (using an ohmmeter) 

2 . determination of characteristic impedance 

3. isolation determination by winding inductance 

4. balance 

5. coefficient of coupling of tertiary winding 

6 . electrical length 

7. core magnetic saturation 

The tests described above do not appear to require 
specialized test equipment or training and I feel that 
balun vendors should list the various technical 
parameters as do manufacturers of other products. 
This information would benefit the users because 
they would be better able to choose the balun that 
best met their requirements. Perhaps if balun 
manufacturers were to share their test results with 
consumers by including technical specifications in 
their promotional materials, users could be spared 
some of the time and effort testing requires. Armed 
with such information, users would be better able to 
choose the balun that best meets their needs. 
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IFA-2 IF AMP. CA 3020 30 DB Gam 1-100 MHZ Optional AGC $6.95 

MBA-1 FREQ. MULT. runMOuipuiButie.-Mun-Ampi,i«,.ro250MHZ $5.95 
OSC-1 CRYSTALOSC. looKHZ-zoMHZNciTurwt,,,,,.,, $3.95 

OSC-2 CRYSTALOSC. Ov ibzoommztupoo output a,, $4.95 
OSC-3 VARIABLE FREQ OSC <nmnr runed asskhz • -v. - . $5.95 

OSC-4 VARIABLE FRFY OSC varactorTunooe tt MHZ $5.95 

PSV-1 POWER SUPPLY IM7Z3W,one,cto^ampttma, $7.95 


PLL-2 TONE DETECTOR lmsbtpll ton. cikio. ..$5.95 

RF/MIX-2 RF-AMP/MIXER3Nzwr„nMBf ■ -psomhj $7.95 


MANY OTHER MODULES AVAILABLE 


SEND S2.00 FOR FULL CATALOG 
WITH CIRCUIT DIAGRAMS AND 
TYPICAL RECEIVER AND 
TRANSMITTER HOOK-UPS 


COMPLETE SET OF MODULES TO BUILD A 
1.WATT SSB/CW MONO-BANO TRANSCEIVER 
LESS CASE. CONTROLS. PWR SUPPLY 

$149.95 (Spacify Band) 


MORNING DISTRIBUTING CO. . , 6fi 

P.O. BOX 717, HIALEAH. FLA. 330tt ,0 ° 
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TECHNIQUES 


Last winter and spring the West 
Coast experienced severe weather 
with flooding, land slides and heavy 
property damage. Radio Amateurs 
supplied emergency communications 
in many cases. One important point 
learned by all concerned with these 
emergencies is that disasters occur 
suddenly and unexpectedly. Advance 
preparation is absolutely essential. In 
general, communications from home 
stations were of little use; hand-helds 
and portable stations carried the 
larger portion of the communications 
burden. 

During these emergencies, many 
emergency communication coordina¬ 
tors found that the common "rubber 
duck" antenna on the hand-held unit 
was not suitable for emergency use. 
A better antenna was needed, but it 
had to be inexpensive and also rug¬ 
ged. A successful emergency anten¬ 
na had been developed in Arizona for 
the Scottsdale Amateur Radio Club 
and the Arizona Repeater Associa¬ 
tion, and that design has been copied 
for use by the Red Cross and other 
emergency communications organi¬ 
zations. 

the 2-meter J-pole 

As described by Jack Hanny, 
KB7CH, of Scottsdale, the emergen¬ 
cy J-pole antenna is light enough to 
be rolled up and carried in a tool box 
or emergency kit. 

The J-pole is made from a 55/4- 
inch section of TV "ribbon" twin 
lead. A % inch of insulation is re¬ 


moved at one end (fig. 1A) and the 
wires soldered together. 16 inches 
above the short, a piece of the ribbon 
line is notched out and one lead is cut 
open. A % inch of wire is removed. 
The break is then taped or covered 
with heat-shrink tubing. 

The next step is to measure 1 'h 
inches from the shorted end of the 
ribbon line and then carefully trim 
away the insulation to expose the two 
wires. Be careful not to nick the 
wires. The feedline is attached at this 
point (fig. IB). Solder the center 
conductor of a random length of RG- 
58/U coaxial cable to the long wire of 
the ribbon line and solder the braid of 
the coax to the short conductor. 

Jack made his coaxial cable about 
12 feet long and placed a matching 
plug for his hand-held unit at the free 
end of the line. He wrapped the short 
section of ribbon line to the coaxial 
cable with string and covered the 
joint with tape or heat-shrink tubing. 

The last step is to punch a small 
hole in the insulating web at the 
opposite end of the ribbon line and tie 
a section of heavy string to the top 
end of the antenna. This makes it 
possible to support the antenna from 
the branch of a nearby tree. An extra 
length of RG-58/U cable can be made 
up with matching connectors to be 
used if the antenna is to be hung from 
a greater height. 

more on the sloper 

A lot of words have appeared 
about slopers during the past decade. 


There's no doubt that it works, but 
the theory behind this unusual anten¬ 
na is obscure. In brief, the sloper is 
simply a %-wavelength (approxi¬ 
mately) wire, fed at the top end sup¬ 
ported by the station antenna tower 
or mast. The bottom end of the wire 
is anchored a few feet above ground. 
The coaxial center conductor feeds 
the wire at the top, with the shield of 
the line attached to the metal tower, 
which apparently works as a ground 
point. 

Dick, WD4FAB, has broadbanded 
a sloper by increasing its effective 
diameter with a four-wire cage (fig. 
2). The bottom ends of the four wires 
must be interconnected; if they are 
not, each of the individual wires will 
take on its independent characteris¬ 
tics, resulting in some unpleasant 
bumps in the SWR curve. The 
WD4FAB sloper is suspended at the 
50-foot point on a 58-foot-high 
tower. 

comparing an inverted-V 
with a 5-band trap vertical 

Jim, KW2W, compared a 5-band 
trap vertical to an 80-meter in¬ 
verted-V used with an antenna tuner 
for operation between 80 and 10 
meters. Jim says he has a very good 
location for a vertical — on a sandy 
beach, only about two feet above the 
salt water level. The soil beneath the 
antenna is always moist with salt 
water. The 5-band vertical was 
mounted atop a 10-foot pipe driven 
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radials for each band, for a total of 10 
radial wires. The inverted-V was cut 
for the middle of the 80-meter band. 
The center of the antenna was about 
50 feet high and the ends were about 
15 feet high. 

Over a period of time, Jim con¬ 
cluded that manmade and atmos¬ 
pheric noise was much less on the 
inverted-V and that reports received 
nearly always favored the inverted-V 
over the vertical. 

Jim said, "I feel there's an antenna 
for every location — meaning that 
what works well in one place may 
work poorly someplace else. Antenna 
experimentation for a given location 
is worth the effort. The question of 
which antenna is better is really not 
applicable; the question of which an¬ 
tenna, for a given location, will per¬ 
form better, is more precise.” 

the no-code license — 
a brief history 

The present FCC proposal for a 
VHF/UHF "no-code" license brings 
back memories to old timers who re¬ 
member the 1932 uproar over a simi¬ 
lar suggestion. 

1932 was a critical year for Ama¬ 
teur Radio. At the depths of the Great 
Depression, millions were out of work 
and industry was at a standstill. Many 


young men with plenty of time but lit¬ 
tle money turned to the fascinating 
hobby of shortwave listening. For a 
few dollars, or even less, an old bat¬ 
tery-operated radio could be torn 
down and rebuilt into a simple short¬ 
wave receiver. Many newspapers car¬ 
ried columns about shortwave recep¬ 
tion and shortwave clubs were 
founded for avid young listeners all 
over the country. 

These enthusiastic SWLs soon dis¬ 
covered the Amateur bands, particu¬ 
larly the phone stations. Amplitude 
modulation was exclusively used for 
voice transmission in those days and 
the signals could be readily received 
on a one or two tube receiver. 

A direct result of the SWL hobby 
was an expanded interest in Amateur 
Radio. Thousands of listeners yearned 
to be Amateurs and would have been 
— except for the bothersome task of 
learning the Morse code I Why was 
the knowledge of code required for 
"radiophone" operation, especially 
on the "ultra-high" frequencies 
above 10 meters? 

The interest in a no-code license 
came to a head in May, 1932, when 


Short Wave Craft magazine, edited 
by Hugo Gernsback, announced the 
formation of the "Short Wave 
League" (fig. 3) devoted to "the 
Amateur who is not interested in 
code, but who is interested in the 
transmission of voice only." The 
Short Wave League had no dues or 
membership fees. The charter of the 
League was vague, but the editorial 
in the issue announcing the formation 
of the League was specific: the goal 
was to be the lifting of the code re¬ 
striction on the Amateur "extra-short 
wavelengths." The May, 1932, edito¬ 
rial in Short Wave Craft promised 
that if "a sufficient number of letters 
were received, they would form a 
basis of negotiations between the 
League and the Federal Radio Com¬ 
mission." 

In this manner the request for a no¬ 
code VHF license was created. Look¬ 
ing back, it seems unclear whether 
the Short Wave League was merely a 
gimmick to increase magazine circu¬ 
lation, or in fact represented an 
authentic desire for a no-code Ama¬ 
teur license. For a year or so Short 
Wave Craft was full of angry letters to 
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teur license was fought — and lost — 
by the "Short Wave League" in 1932. 
The platform of the League makes in¬ 
teresting reading today. Point 2, which 
seems unusual today, had meaning in 
1932. Police radio was in its infancy and 
many local police organizations relied 
upon Radio Amateurs to relay mes¬ 
sages for them. But the real purpose of 
the League was point 3, the no-code li¬ 
cense for the "ultra-high" frequencies. 
As for point 5. we are still working on 
that problem today! (Material reprinted 
from Short Wave Craft magazine!. 


the editor expressing various views, 
pro and con, on the no-code pro¬ 
posal. It is interesting to note that 
arguments used then were strikingly 
similar to those used today. The prin¬ 
cipal difference between the situation 
in 1932 and that of today seems to be 
that the early no code proposal was 
apparently a grassroots movement 
sponsored by the magazine and sup¬ 
ported by many of its readers. The 
Federal Radio Commission (the pred¬ 
ecessor of the FCC) had nothing to 
do with the launching of the pro¬ 
posal. Moreover, it seemed to have 
given little thought to it, since no offi¬ 
cial comment was made on the mat¬ 
ter. Most Amateurs — and QST — 
ignored the uproar, hoping it would 
go away. And, sure enough, it did. 
The fad of shortwave listening died 
out quickly and by 1934, Short Wave 
Craft magazine turned pro-Amateur 
and the no-code proposal was forgot¬ 
ten for a few years. 


The next no-code license uproar 
occurred shortly after World War II 
when the FCC proposed a "Citizen 
Radio Service" to be placed in the 
400 MFIz region. The proposal was 
greeted with little enthusiasm by 
hams and non-hams alike because no 
commercial equipment was available 
for the band. Furthermore, because 
of the very high frequency chosen, 
any homemade rigs were of the 
"squawk-box," super-regenerative 
type, which had poor sensitivity and 
selectivity. 

Faced with a likely failure, the FCC 
next proposed to expand the un¬ 
wanted VHF CB service into the so- 
called "industrial-scientific-medical" 
frequency range at 27 MHz, hereto¬ 
fore used by Radio Amateurs on a 
secondary basis. Radio Amateurs and 
others protested the plan, predicting 
that the FCC wouldn't have the man¬ 
power, desire or ability to police the 
operation properly. How true that 
prediction turned out to be! And as 
the MUF rose, providing long dis¬ 
tance contacts at 27 MHz, CBers 
quickly discovered that with modified 
ham gear, linear amplifiers and big 
antennas, they could work worldwide 
DX just like real radio hams! And best 
of all, the FCC couldn't really catch 
them — especially if they had no li¬ 
cense at all and their names weren't 
in the FCC computer! No-code li¬ 
cense? Why worry about that when 
no license at all was necessary? 

refighting the battle of 1932 

Little was heard of the no-code 
proposal until a few years ago when it 
began to surface once again, possibly 
resurrected because of the monu¬ 
mental CB problem that arose about 
1976. The CB channels exploded with 
activity after CB radio received na¬ 
tional publicity during a truckers' 
strike. Unlicensed CB activity spread 
beyond the authorized channels, until 
today it occupies the spectrum from 
about 26 MHz to 27.99 MHz. 

One solution to the CB problem 
was to give CBers another band. The 
220 MHz ham band was proposed. 


but protests from Amateurs and the 
military finally defeated the idea. 
Probably without recalling the 1932 
hassle, and with the hope of solving 
the CB problem, the FCC proposed a 
no-code license for Radio Amateur 
operation on certain VHF bands, re¬ 
opening the old argument that had 
been settled decades ago. 

Why has this idea resurfaced after 
50 years? Is there a grassroots move¬ 
ment for a no-code license ? Are the 
CBers enthusiastic about a no-code 
license? Are the Radio Amateurs en¬ 
thusiastic about a no-code license? 
As far as I can determine, the answer 
to these questions is no. 

If this conclusion is correct, who, 
then, wants a no-code license? (All 
eyes turn toward the FCC.) 

The present problem, as I see it, is 
more fundamental than whether or 
not a no-code license structure is 
established. The root of the matter is 
who will control the destiny of Ama¬ 
teur Radio in the United States? Do 
Amateurs have a voice in their own 
destiny? A dangerous precedent can 
be set if the FCC ignores the feelings 
of the majority of Radio Amateurs 
and forces a new class of Amateur 
into existence, flaunting the time- 
honored foundation of Amateur 
Radio itself. 

It would be easy to establish a no¬ 
code Amateur group. But, once cre¬ 
ated, it would be impossible to dis¬ 
band it. The speed at which the 
undertaking advances provides little 
time for reflection or judgment of the 
long-term possibilities. 

The Morse code has been with us 
for a long, long time. It may be 
scoffed at by those who don't know 
it; on the other hand, it could be con¬ 
sidered a badge of honor to those of 
us who use it and appreciate it. I think 
it would be a mistake of the first mag¬ 
nitude if a complete new class of 
Amateur licensee were to be artificial¬ 
ly created who had no "feel" for the 
majestic scope of Amateur Radio — 
the Morse code included. 

ham radio 
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antenna carriage 

and track pole mount 


Mounting a rotatable antenna 
on a utility pole 
can be easy, inexpensive 

Some ingenious ways have been devised to raise 
antennas. These have included mounting a station¬ 
ary mast on a rotatable base; digging a hole, setting a 
pole, and then cranking the mast up and down; rais¬ 
ing and lowering a mast through the roof; making a 
tiltable mast, using gin poles; and using a mast with 
telescoping sections. 

The technique I've devised consists of stringing 
two cables vertically on a utility pole, 10 inches apart. 
A pulley at the top of the pole serves as a sheave for 
the steel cable that raises and lowers the antenna¬ 
bearing carriage. The carriage rides up and down the 
vertical cables. 

access to the top 

Mounting the pulley requires the use of an exten¬ 
sion ladder tall enough to reach the top of the pole. 


Start by mounting a curved block of wood on the top 
rung of the ladder as shown in fig. 1. This prevents 
the ladder from sliding sideways while positioned at 
the top of the pole. The base of the ladder should be 
secured by lashing it to stakes driven into the 
ground. Use guy ropes to keep the ladder from 
swaying. 

pulley and cables 

Because the top of the pole is 8-1/2 inches (21.6 
cm) in diameter, a 9 inch (22.8 cm) die-cast alumi¬ 
num pulley is required. The pulley is attached to a 
pair of aluminum brackets and mounted with lag 
screws see (fig. 2). It may be necessary to use shims 
to keep the pulley in a vertical position if the top of 
the pole is not straight. 

Both a support and winch cable are needed. The 
support cable is a single 70 foot (21.3 m) length of 
1/4 inch (6 mm) flexible steel cable. The winch cable 
is about 75 feet (22.8 m) of 1 /8 inch (3 mm) cable. A 
heavier carriage and antenna would require using a 
heavier winch cable. 

By Ira L. Simpson. KB3K, 1201 Walters Mill 
Road, Forest Hills, Maryland 21050 


46 Q3 August 1983 





carriage * 

The carriage (fig. 3) is fabricated from ordinary 
slotted steel shelving upright strips available at hard¬ 
ware stores. Each strip is 4 feet (1.2 m) long. The 
steel support cables fit easily in the channels of these 
strips. 

Lay the steel strips on a work bench 10 inches 
(25.4 cm) apart, the required spacing for the support 
cables. Bolt two metal supports at right angles to the 
strips at points one quarter and three quarters of the 
way up the carriage. Weld the two shelving brackets 
into the bottom slots of the uprights. Then bolt the 
bottom shelf to these brackets. Make six clips which 
will slide onto the upright carriage strips to hold the 
support cable securely in the groove when the car¬ 
riage rides up and down the support cables. When 
mounting the carriage onto the support cables, hold 
these clips in place with cotter pins. 


A spring-loaded plunger (fig. 4) is attached on the 
underside of the bottom plate. When the carriage is 
in position at the top of the pole, the plunger slides 
into a mating hole in the pole, to act as a safety catch 
in case the winch cable breaks. A nylon string is at¬ 
tached to the eye on the plunger assembly so it can 
be released from the ground. 

antenna mast guides 

To stabilize the mast, a right angle bracket is in¬ 
stalled at the top of the carriage. A hole slightly larger 
than ' ■> diameter of the mast is made in the bracket. 
A be 'ring plate is mounted over the hole while the 
mast is fitted into the rotor. The size of the bearing 
plate depends on the size of the mast; some measur¬ 
ing and alignment is necessary to assure that the 
rotor is correctly aligned with the hole in the top 
bracket and that the mast is straight. 

winch 

The winch is mounted on the pole at shoulder 
level. Purchased from Montgomery Ward, mine was 
strong enough to pull about 1200 pounds (545 kg). It 



fig. 3. The carriage. Clip can be seen on the left upright. 
Notice the pipe at the top of the carriage. This was used to 
wrap the steel cable to the carriage. The two rubber balls 
mounted at the bottom are shock absorbers. 
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was spaced far enough away from the pole for the 
handle to clear and bolted to the pole with two 3/8 
inch (9.6 mm) threaded rods. (Each of the two 
threaded rods should be ground to a point at one end 
and squared off to accommodate a wrench at the 
other end. Finished this way, each rod can be screwed 
into the pole by first drilling a hole slightly smaller in 
diameter and then using a wrench to turn the rod into 
the hole. A little grease may make the job easier.) 
When the rod is in place, cut away the excess length 
and mount the winch. 

vertical guide cable 
and cable spreader 

To install the vertical guide cable on the pole, 
mount a top support bracket at the top of the pole 
using two 1 /2 inch (13 mm) bolts made from threaded 
rod (fig. 5). The cable spreader (fig. 5) is lag bolted 
to the pole about 6 feet (1.8 m) from the ground. To 
fasten the turnbuckles install a triangular plate about 
3 feet (0.9 m) from the ground using a 1/2 inch (13 
mm) rod through the pole (fig. 5). Lay the 1 /4 inch (6 
mm) flexible steel carriage support cable in the top 
cable bracket and attach the turnbuckles to the 
ground end of the cables with the cable clamps. 
After the cable is installed and tightened, the carriage 
can be mounted and run up and down the pole a few 
times to assure proper operation. 

conclusion 

This simplified method of assembly, using inex¬ 
pensive and readily available materials, can be used 
to raise antennas to effective working heights. 

My antenna stands 20 feet (6 m) high in its lowered 
position; in the raised position, it stands 40 feet (12 
m) high. The pole to which it is attached measures 35 
feet (10.6 m). 



fig. 4. View of plunger assembly. 



materials list 


quantity 

description 

2 

turnbuckles 

4 

cable clamps — 1/4 inch (6 mm) cable 

3 

cable clamps — 1/8 inch (3 mm) cable 

1 

9 inch (22.8 cm) pulley 

1 

hand operated utility winch 

70 feet 

1/8 inch (3 mm) steel cable 

(21.3 m) ! 

75 feet 

1/4 inch (6 mm) flexible steel cable 

(22.8 m) 

30 feet 

nylon string 

(9.2 m) 


2 

upright steel shelving strips 

2 

shelf brackets to fit strips 

aluminum plate 

aluminum mast material 1 

steel plate 


lag bolts 


threaded rod with nuts (also known as All-thread) 

steel metal tor brackets, braces, and clamps. 


A few details should be noted: be sure to prime 
and paint any metal parts subject to rust. Lubricate 
as necessary. Run a ground wire from the support 
cable and the winch, and install a ground rod at the 
base of the pole. The transmission line and rotor 
cable can be run underground to the shack, if you 
wish. Remember to rotate the antenna only in the 
raised position. 

ham radio 
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the hybrid ring 


Using the “rat race” 
for power combining, 
splitting, and coupling 



The experimental 1296-MHz hybrid ring with inexpensive 
type "N" launchers. 


The hybrid ring, also known as the "rat race," is a 
device used either to divide or combine power at 
VHF and UHF. The hybrid ring is easily constructed 
using double-sided printed circuit boards; tolerances 
in dielectric thickness and etching accuracy are not 
critical. The hybrid ring's outputs, in one application, 
can be either equal amplitude in-phase or 180-degree 
out-of-phase signals, depending on the input port 
chosen. Or it can be used as a directional coupler 
with different power levels available at the output 
ports. 

defining a hybrid 

In general, the impedance seen at any port on a 
hybrid is equal to the characteristic impedance of the 
transmission line if all of the remaining ports are 
properly terminated in this same impedance. Each 
pair of output ports must remain isolated from each 
other; the input ports must also remain isolated from 
each other. This is very important when power is to 
be divided equally to feed two power amplifiers, or 
when you wish to minimize local oscillator radiation 
during the combination of two signals (such as in a 
mixer hybrid.) The hybrid ring, or rat race, is a direc¬ 
tional coupler that can be used to sample power trav- 

By Ernie Franke, WA2EWT, 63 Hunting Lane, 
Goode, Virginia 24556 


50 G9 August 1983 



fig. 1. The hybrid ring provides (A) two equal signals 
180 degrees out of phase or (B) two in-phase signals. 


eling in different directions. It is simple to construct 
and very tolerant of line-width variations when 
microstrip transmission line is used. The power ratio 
at the output ports can be varied by varying the im¬ 
pedances of the interconnecting lines, and the simple 
hybrid ring can provide a good match and excellent 
isolation over a ±20 percent bandwidth. The size of 
the microstrip version of the hybrid limits its use to 
432 MHz and above. 

The simple hybrid ring consists of a ring of 70.7- 
ohm transmission line terminated in four places. The 
top view of the microstrip hybrid ring etched on a 
printed wire board is shown in fig. 1A. Three ports 
are separated by quarter-wavelength sections. The 
last transmission line is three-quarters wavelength 
long, adding up to a total circumference of 1.5 wave¬ 
lengths. 

The hybrid ring is commonly used to split or com¬ 
bine rf power, and if a signal is applied to port 1 of 
the ring, the power will be equally divided between 
ports 3 and 4; the phase relationship between the 
output signals will be 180 degrees. Power incident at 
port 2, fig. IB, will also be equally divided between 
ports 3 and 4, but the two output signals will be of 
similar phase. 

Hybrid ring operation can be understood by study¬ 
ing the simple power divider shown in fig. 2A. An 
input signal at port 2 is equally divided at the junction 
of the two quarter-wave lines. The transmission lines 
act as impedance transformers whose characteristic 
impedance is equal to the square root of the product 
of the end impedances. If the terminations are all 50 
ohms, then the quarter-wave line transforms the out¬ 
put load of 50 ohms at port 3 and at port 4 up to 100 
ohms at the input, port 2. The parallel combination of 
the input impedance (100 ohms) to each of the two 
quarter-wave lines at port 2 is equal to 50 ohms. This 
divider can also be used as a combiner if two identi¬ 


cal signals of equal phase are applied to ports 3 and 
4. This power divider is still not a true hybrid, be¬ 
cause ports 3 and 4 have only 6 dB of isolation. In 
other words, a signal applied to port 3 will be 6 dB 
down when measured at port 4. 

Additional transmission lines, fig. 2B, transform 
the simple power splitter into a true hybrid. Any 
power reflected at output port 3 due to a mismatch 
arrives at the other output port 4 by two paths. One 
signal travels one-half wavelength in a clockwise ro¬ 
tation from port 3. The counter-clockwise signal 
appears at port 4 delayed by a full wavelength. This 
half-wave difference in arrival time and equal path 
loss causes the two signals to cancel at port 4, with 
total cancellation resulting in highest isolation. The 
reflected signal from any mismatch at port 3 arrives 
at port 1, in phase from both circular paths, where it 
is dissipated. This port is designated the isolation 
port. A detector placed at this port indicates imbal¬ 
ance between the output ports. The input signal 
from port 2 cancels at port 1 because the clockwise 
and counterclockwise paths differ by one-half wave¬ 
length. If two equal signals with 180-degree phase 
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difference are needed, the input signal can be changed 
to port 1 and the output taken from ports 3 and 4, as 
in fig. 1A. 

70-ohm rat race 

The impedance of the ring, or "race," is the port 
impedance multiplied by the square root of two {50 
ohms • y/T = 70. 7 ohms). The input match of the hy¬ 
brid is given in terms of return loss, that is, the ratio 
of reflected power to incident power, 

return loss = - 10 logjo (reflected power/ 

forward power) (1) 

The theoretical and experimental results of a 1.5- 
wavelength rat race are shown in fig. 3. The experi¬ 


mental results, using semi-rigid coaxial cable to form 
the race, are shown for 432 and 1296 MHz. The input 
return loss is greater than 20 dB (SWR < 1.2:1) over 
a 20 percent bandwidth at port 1 or port 2. This 
means that only 1 percent of the input power is re¬ 
flected at the input port. The hybrid ring displays an 
equal power split (3.01 dB) to within 0.25 dB over the 
same +10 percent bandwidth. This means that at 90 
percent and at 110 percent of the center frequency 
the output power at one port is only 0.25 dB greater 
(6 percent unbalance) than at the other output port. 
The isolation between ports 3 and 4 is greater than 20 
dB over the same bandwidth. Any mismatch at port 
3 causes the reflected signal appearing at port 4 to be 
at least 20 dB down (1 percent of the reflected 
signal). 
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A printed-circuit board version of the hybrid ring 
was also constructed, with the results shown in fig. 
4. The width of a microstrip line on one-ounce, 1/16- 
inch thick, copper-clad Teflon-fiberglass board (e = 
2.55) is 95 mils for 70.7-ohm line and 166 mils for the 
50-ohm termination leads. The relative velocity of 
propagation in that board material for a 70.7-ohm 
microstrip line is 0.700; but it's only 0.688 for a 50- 
ohm line. The length of a quarter-wave line is thus 
shortened from its free-space value by this amount. 
The mean diameter of the ring is simply the average 
of the inner and outer diameters. The dimensions of 
hybrid rings for use at several UHF bands are given in 
table 1. 


The effects of variations in the impedance of the 
ring are displayed in fig. 5. Variations of ± 10 percent 
in impedance produce only minor changes; the 
greatest change was in the input return loss. Still, the 
hybrid displayed an input return loss greater than 
17.5 dB (SWR < 1.3:1) over a 20-percent band¬ 
width. A variation of 10 percent in ring impedance 
corresponds to a line width range of from 77 mils to 
113 mils about the desired value of 95 mils, for a one- 
ounce Teflon-fiberglass PC board. This amounts to 
an almost ± 20 percent variation in the width of the 
microstrip, much greater than expected. 

The PC board version used homemade microstrip- 
to-coax launchers soldered directly to the ground 
plane. Type-N female chassis connectors 
(UG58A/U) were modified by hacksawing a notch, 
as shown in fig. 6. The hacksaw blade was held flat 
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(3) 

(4) 



against the center conductor until it penetrated the 
flange. The PC board was then inserted into the slot 
and soldered using a 50-watt iron. The measured loss 
of two launchers mounted to a short microstrip was 
less than 0.1 dB, the return loss was greater than 32 
dB (SWR < 1.05) through 1296 MHz. 

50-ohm rat race 

If the rat race is constructed of 50-ohm coaxial 
cable, the cable lengths between each port are 
shorter, as shown in fig. 7. 

Z line = Zo tan 6 (2) 

where Zo is the characteristic impedance of the line 
(50 ohms) and 6 is the electrical length in degrees. 


70 .7 ohms = 50 ohms tan 6 
0 — 54.7 degrees 
The short cable lengths required are 0.152 wave¬ 
length; (54.7°/360° = 0.152 wavelength). The cable 
section between ports 1 and 4 is one-half wavelength 
longer, 0.652 wavelength. The circumference is only 
1.108 wavelengths for the 50-ohm rat race, com¬ 
pared to 1.5 wavelengths for the 70-ohm model. A 
disadvantage of this lower-impedance hybrid is in the 
reduced bandwidth, as indicated by the frequency 
response curves in fig. 8. 

uneven power-divide rat race 

Output power ratios other than 1:1 are possible 
through selection of different transmission line impe¬ 
dances between the ports. A 10-dB coupler using 
this approach is illustrated in fig. 9. Fora signal input 
PI at port 1 and in-phase outputs at ports 3 and 4, 
the value of transmission line impedance is: 

Zj = Z 0 V PI /P5 Z 2 = Z 0 \JpT7P4 (5) 
where P3 is the output power at port 3 and P4 is the 
power output at port 4. The sum power from ports 3 


table 1. Hybrid ring dimensions for one-ounce, 1/16- 
inch thick. Teflon-glass board. 


70 ohms 

frequency wavelength 
(MHz) (inches) 
432 4.78 

1296 1.59 

2304 0.896 


70 ohms 1.5X 

three-quarter mean 

wavelength diameter 
(inches) (inches) 

14.34 9.13 

4.78 3.04 

2.69 1.71 
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and 4 must equal the input power. Constructing a 10- 
dB coupler, as an example: 

li = 50spTT0l = 158.1 ohms 

, _ ( 6 ) 

Z 2 = 50sfT7o79 = 52.7 ohms 

The output signal at port 3 is a sample of the input 
signal at port 1 with - 10 dB of coupling. To use the 
hybrid as a directional coupler standing-wave-ratio 
meter, detectors are placed at ports 2 and 3. Forward 
power is detected at port 3 and reflected power at 
port 2. Both signals are sampled 10 dB down from 
true power. The theoretical response is shown in fig. 
10. The line width for a 158-ohm line (10 mils) is just 
too thin, however, for Amateur etching. 


applications 

The principal use for the hybrid ring is to split or 
combine power. If more power is needed from a 
power amplifier than a single transistor can handle, it 
is necessary to parallel two devices. To maintain sta¬ 
bility the two devices must remain isolated from each 
other. The hybrid performs this function as indicated 
in fig. 11. By using the 180-degree ports, the ampli¬ 
fier operates in a balanced or push-pull manner as 
seen in fig. 11 A. The input impedance is effectively 
four times as great as would be in the case of a single 
transistor with twice the power-handling capabilities. 
The case of an in-phase parallel amplifier is shown in 
fig. 11B. Comparison of the insertion loss between 
the two arrangements (assuming unity gain amplifi¬ 
ers) shows the broader bandwidth response of fig. 
12, for the push-pull amplifier. If one amplifier should 
fail, the output power will drop to one-fourth the nor¬ 
mal level. The remaining amplifier will deliver one- 
half its power to the antenna and the remaining one- 
half to the termination at the isolation port. If the 
input to either amplifier were to open or short, the 
input return loss at the hybrid input port 1 would 
drop to 6dB (SWR < 3:1). 

When the rat race is used as a power splitter, each 
output will have equal amplitude and phase, pro¬ 
vided the ports are reasonably terminated. When it is 
used to combine the output power from two transis- 
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lectronics 


2775 Kurlz St, Suite 11, 
San Diego, CA 92110 


NO MORE BAD CASSETTE LOADS 
with 

THE Z-DUBBER 


The frustration of trying to load a cassette program into your Sinclair 
ZX80/81 or Timex 1000. is this what you really bought your computer 
for? Why put up with It? Now you don't have to. The Z-Dubber is a 
small device which connects between your computer and cassette player, 
improving your loading ease 100%. 



The Z-Dubber also allows you to connect two tape recorders together, to 
create perfect duplicatesof your favorite cassette programs. The Z-Dubber 
can be yours for $31 95 postage paid within the US.. Canada & Mexico. 
Add $2.50 additional for other postal areas. Visa& Mastercard welcome. 

FOR CHARGE AND C.O.D. ORDERS 


VISA 


1-C800) 227-3800 TOLL FREE 
1 (800) 792-0990 IN CALIFORNIA 
ASK FOR OPERATOR 225 




For additional information or service, call or write: 

BYTESIZE MICRO TECHNOLOGY 
PO BOX 21123 - DEPT.AQ- SEATTLE. WA 98111 
(206) 236-BYTE ^ nJ 

Dealer Inquines Wanted 



tor amplifiers, the input power delivered to the two 
input ports may not be equal or in phase. This may 
be due to differences in transistor gain and internal 
phase shift. The output power is then less than the 
sum of the two input powers. The percentage dif¬ 
ference (>j) of this ideal sum of the two powers is 
given by: 


r; = j o. 5 + ( '‘f ) J x 100 percent (7) 

where r is the power ratio of the two input powers, 
and 0 is the phase angle between them. If the two in¬ 
put signals are in phase but differ in amplitude, the 
above equation reduces to: 

?) = j 0.5 + x 100percent (8) 

For an input power ratio of 2:1 (3 dB)‘, the output 
power will be down only 0.13 dB, or 97 percent of the 
sum of the two input powers. If the amplitudes are 
balanced, but the phase of the two input powers dif¬ 
fers then, 

t] = | 0.5 + ^ J | x 100 percent (9) 

For an input phase difference of even 15 degrees, the 
output power will be down just 0.7 dB, or 98 percent 
of the available power. For a combination of a power 
unbalance of 2:1 and a phase unbalance of 15 de¬ 
grees between inputs, one would suffer a total loss 
of only 0.2 dB, leaving 96 percent of the original 
available power. 


references 

1. Henry S. Keen. W2CTK. “High-frequency Hybrids and Couplers," ham 
radio . March, 1978. pages 72 75 

2. James R. Fisk, W1HR. "Microstrip Transmission Line," hum radio, Jan 
uary. 1978. pages 28 37 
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a digital audio filter 

for CW and RTTY 


Build a useful 
audio notch and 
bandpass filter 

This filter, designed around the National MF10 in¬ 
tegrated circuit, consists of CMOS (Complementary 
Metal Oxide Semiconductor) active filter building 
blocks. Each block, together with an external clock 
and a few resistors, can provide different filter func¬ 
tions such as notch or bandpass. 




fig. 2. Bandpass filter response at two different center 
frequency settings. 


A major advantage of this type of filter is that the 
notch and bandpass position is determined by the 
clock frequency. Therefore, by varying potentiom¬ 
eter R2 the notch or bandpass can be moved in posi¬ 
tion as shown in the spectrum analyzer photographs 
in figs. 1 and 2. Fig. 1 indicates a notch filter re¬ 
sponse (notch depth approximately 60 dB) and fig. 
2 , the bandpass display displaced in two positions. 
The bandpass filter was adjusted for CW or RTTY 
operation. 

By Don Kadish, WIOER, 135 Barbara Road, 
Waltham, Massachusetts 02134 
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A 555 timer chip, U1, provides the variable clock 
input. U2 inverts the clock output to providing a TTL 
level into the clock inputs of U3. A switch, SI, is us¬ 
ed to switch from notch to bandpass operation. R12 
in conjunction with R11 is a volume control. A 
speaker or headphones can be directly driven by U4. 
An input volume control, RIO, is used to prevent sat¬ 
uration of the filter stage U3. Once RIO is set it does 
not have to be adjusted further. U4 and U5 isolate 
the filter chip from the input and output connections. 

constructing and 
operating the filter 

Construction is simple; neither layout nor compo¬ 
nent values are critical. However, use of decoupling 
capacitors on all ICs is good practice and minimizes 
the chance of high-frequency oscillations occurring. 
All components are mounted on a single-side copper 
clad vector board. 

Filter operation requires connecting Vin to the 
audio output of a communications receiver through a 
phono jack and connecting Vout to 3 speaker or 
headphones. Switch S2 to V| N in order to bypass the 
filter. Adjust the receiver audio gain control for com¬ 


fortable listening, then switch S2 to Vout to insert 
the filter. Adjust the sensitivity control, RIO, for com¬ 
fortable listening volume. Actually the only precau¬ 
tion necessary is to adjust the volume so that clipping 
of the filter stage does not occur. If clipping does 
occur, reduce the receiver audio gain until it sounds 
"clean." 

On-the-air tests in the notch filter position gave ex¬ 
cellent rejection of adjacent signals. RTTY operation 
in the bandpass mode is also very simple. Adjust R2 
to the extreme end of the potentiometer (the end 
that accepts the mark and space tones). Except for 
an occasional adjustment of the volume control, fur¬ 
ther adjustment is unnecessary. 

dc supply voltages needed 

Any positive and negative voltage between plus 
and minus 5 and plus and minus 12 should be 
satisfactory. Batteries can be used with this device. If 
low power drain is desired, substitute a CMOS timer 
(7555) for the 555 timer. All ICs should be of the 
CMOS type. 

ham radio 
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mamfnOtebook 


carrying case for 
the IC2AT 

To ease the crunch on my pocket- 
book after buying an ICOM 2AT, I 
made a leather belt carrying-case. It 
cost me a total of $11.45, which was 
a considerable saving, and I had a lot 
of fun making it! 


If you have a leather store in your 
town, ask them for the scrap leather 
box. Go through it and find some nice 
black-dyed leather about one-eighth- 
inch thick. Draw the outline as 
shown, then soak the leather over¬ 
night to make it soft and workable. 
After cutting it out, bend the comers 
by placing it between two blocks of 


wood and tapping the edge with a 
rawhide mallet. Don't punch any 
holes until you have fitted the ICOM 
inside to see if all the dimensions are 
right. Trim off the surplus leather on 
the bent-up edges and punch holes 
with a IMo. 2 Rampart punch. Place 
the leather on the end grain of a block 
of wood, or it will dull the punch. 

The holes should be 3/8-inch apart 
and staggered on the sides so the lac¬ 
ing will drop down each time you 
thread through a hole. Use leather 
lacing with a lace needle. Tie a 
figure-8 knot at the bottom of the lac¬ 
ing string and pull it up to the first 
hole. I laced mine starting at the 
bottom. 
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The holes for the rivets are also 
punched with the Rampart punch. 
(Be sure to buy rivets long enough to 
go through the leather.) I use a 
separate belt to carry my ICOM slip¬ 
ped through the belt holder. The belt 
strap is riveted to the case. 

Ed Marriner, W6XM 


low-duty-cycle tune-up 
method for transmitters 

Having found from sad experience 
that most final amplifier tubes experi¬ 
ence damage and life shortening dur¬ 
ing tune-up, I decided to use my 
automatic electronic keyer as a duty- 
cycle device to cut down tube dissi¬ 
pation during this critical adjustment 
period. Put your transmitter in the 
CW position and set your keyer to 
send dots in the highest speed 
mode." Because your transmitter is 
on only a fraction of the time, your 
average plate dissipation is low, and 
you will find it almost impossible to 
damage your tubes during tune-up. If 
you work phone often, you can leave 
your transmitter in the SSB condition 
and feed the keyer's audio side tone 
into your microphone input circuit. 
This is readily accomplished with a 
simple switch and a small variable po¬ 
tentiometer used to set your input at 
the desired voltage level. This 
method will save you the trouble of 
changing your transmitter mode swit¬ 
ches from SSB to CW and back to 
SSB when you want to tune up. 
When you use this technique for 
phone, you avoid the necessity of 
yelling AHHHHHHHHHH into the 
microphone, a rather unscientific way 
of establishing a tune-up reference 
level. 

If you do not have an automatic 
keyer, a relay connected to act as a 
buzzer with an RC time constant cir¬ 
cuit can be used to provide an inter¬ 
mittent on-off low-duty-cycle keying 
signal. I prefer the automatic keyer, 
as the tone is a lot cleaner than when 
using the relay buzzer technique. 

William Vissers, K4KI 




The Interface 

Software Available for Six Computers 


The versatility of the personal com¬ 
puter gives you a whole new world 
with the Kantronlcs Interface - and 
Hamsoft" or Hamtext". The inter¬ 
face - connects to any of six popular 
computers with Hamsoft" or Ham- 
text" giving you the ability to send 
and receive CW/RTTY/ASCH. An active 
filter and ten segment LED bargraph 
make tuning fast and easy. All pro¬ 
grams. except Apple, are on program 
boards that plug directly Into the 
computer. 


Hamtexf, our new program, Is avail¬ 
able for the VIC-20 and Commodore 
64. with all the features of Hamsoft" 
plus the ability to save received In¬ 
formation to disc or tape, variable 
buffer sizes, VIC printer compatibil¬ 
ity, and much more. Our comblnatlon 
of hardware and software gives you 
the system you want, with computer 
versatility, at a reasonable price. 


Split Screen Display 

1026 Character Type Ahead Buffer 

ID Message Ports-255 Characters each 

Status Display 

CW-ID from Keyboard 

Centronics Type Printer compatibility 

CW send/receive 5-99 wpm 

RTTY senai/recelve 60, 67, 75,100 WPM 

ASCII send/receive 110, 300 Baud 


Apple Diskette $29.00 

Atari Board $49.95 

VIC-20 Board $49.95 

TRS-80C Board $59.95 

TI-99 Board $99.95 

Hamtext" Prices 
VIC-20 Board $99.95 

Commodore 64 Board $99.95 



Suggested Retail $169.95 

For more Information contact your local Kantronlcs Dealer or: 
Kantronlcs 1202 E. 23rd street Lawrence, KS 66044 


DIRECTION FINDING? 


★ Doppler Direction 
Finding 

★ No Receiver Mods 

★ Mobile or Fixed 

★ Kits or 
Assembled Units 

★ 135-165 MHz 
Standard Range 


At Circular LED 
Display 

★ Optional Digital 
Display 

★ Optional Serial 
Interface 

★ 12 VDC Operation 

★ 90 Day Warranty 


New Technology (patent pending) converts any VHF FM receiver into an advanced 
Doppler Direction Finder. Simply plug into receiver's antenna and external speaker 
jacks. Use any four omnidirectional antennas. Low noise, high sensitivity for weak 
signal detection. Kits from $270. Assembled units and antennas also available. Call or 
write for full details and prices. 


P 1 


DOPPLER SYSTEMS, 


5540 E. Charter Oak, / 602 ) 998-1151 
Scottsdale, AZ 85254 
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last-minute forecast 

DX conditions for August will de¬ 
pend on which of two solar longi¬ 
tudes is active. Recent information 
indicates that the lower hf bands (30- 
160 meters) will be best around the 
9th and the higher hf bands (10-30 
meters) about the 23rd. However, it's 
possible that just the reverse will oc¬ 
cur. The deciding factor is the 10.7 
cm radio flux readings obtained from 
WWV's broadcast at 18 minutes after 
the hour. When flux is above 120, use 
the higher bands. In either case, dis¬ 
turbed periods are expected around 
the 6th, 15th, and 27th of August 
with a three day spread on either side 
of each date. 

The moon's perigee will occur on 
the 8th, with a full moon on the 23rd, 
The Perseids meteor shower occurs 
from the 10th to 14th, with its maxi¬ 
mum on the 11th and 12th with better 
than fifty meteors per hour rate. This 
is an excellent shower. 

more on fading 

Long duration (slow fade) signal 
level attenuation was discussed last 
month. We now consider shorter du¬ 
ration fading or QSB. Two ionospher¬ 


carth stonehocKer, K0RYW 


ic conditions (see last month's table, 
shortwave fadeout and MUF failure) 
are related to QSB. Listed in this 
month's table are fading characteris¬ 
tics with possible solutions for each 
type. 

shortwave fadeout (SWF) 
or ionospheric storm 

SWF fading is caused by the geo¬ 
magnetic field variations that modu¬ 
late signal levels. The fades are 
deeper than those caused by solar 
variations and signal levels take 
longer to return to normal. The 
geomagnetic field variations are caus¬ 
ed by an in-flux of solar wind particles 
during the daytime and trapped par¬ 
ticles by night. Particles spiral down 
toward earth following geomagnetic 
field lines in the polar regions. Particle 
variations are transmitted to the ions 
and electrons in the ionosphere and 
consequently affect the signal level. 
This signal modulation occurs at its 
maximum penetration into the iono¬ 
spheric layer during refraction provid- 
ing clues of the state of the 
ionosphere. Higher latitude propaga¬ 
tion paths (greater than 60 degrees — 
Auroral zone) suffer the most at¬ 


tenuation and QSB; transequatorial 
paths (geomagnetic equator) are 
next, and mid-latitudes the least dur¬ 
ing these storms. Night-time QSB is 
usually the worst. Auroral QSB is 
often fast enough to cause signal 
"flutter" and is associated with VHF 
auroral scatter propagation openings. 

MUF failure 

Consider this: during an afternoon 
15 meter opening from the states to 
South Africa, you note that there's a 
weak, long-duration fade on signals. 
After 15 minutes the QSB deepens 
and becomes even longer in duration. 
Signal peaks are louder (the result of 
focusing) and nulls quite a bit 
weaker. This is explained by the fact 
that the geomagnetic field separates 
transmitted energy into three compo¬ 
nents that travel their separate ways 
to the receiver. The energy compo¬ 
nents from the DXer's transmitter are 
beating against each other, almost 
like zero beating two audio frequen¬ 
cies, until they peak at the MUF, then 
both decrease in signal strength to a 
minimum level. This weaker signal is 
a result of ionospheric forward scat¬ 
ter and has a rough sounding note 
(see QST for January, 1982). Many 
times this signal is not heard since it is 
as much as 40 dB weaker than a 
normally propagated signal (near the 
MUF). 

Another case where the signal 
takes multiple paths in the ionosphere 
is at a frequency lower than the MUF. 
This frequency is low enough (50 per¬ 
cent below the MUF) to propagate by 
the F 2 , Fi, or E layer. A time delay of 
between 3 to 8 milliseconds occurs 
between the signals' arrival, causing 
RTTY pulse elongation errors in addi¬ 
tion to its effect on DX signals. It's 
possible to be too close or too far 
from the MUF, with its resultant poor 
propagation conditions. 

Often these modes of fading might 
exist simultaneously. However, when 
they can be heard separately, useful 
information is available for predicting 
near future DX conditions. —Wb* 


best frequency best time 

higher band night/wait 2 hours 

higher band night 

lower band early next day 
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This tower Is ready for 
shipment to one of our 
customers, or is it? 

If we were an 
ordinary tower 
company, this 
tower would 
have already 

We are not 
an ordinary 
tower company 
and that is 
why this tower 
did not go 

We have the best 
quality control in the 
business and we are 
not afraid to say so. That 
is why when John Pasillas 


found a 1/8” clearance on the 
swedged guide, he placed 
a red tag of rejection on 
this tower and made 
it was corrected 
he 

his final 
approval for 
shipment. 

Every 
employee 
at Tri-Ex 
knows that 
the reputa¬ 
tion you estab¬ 
lish in an industry 
is what will make 
or break his com¬ 
pany. That is why 
Tri-Ex has been in bus¬ 
iness continually since 1955. 


When you purchase your tower from Tri-Ex, you 
can be assured that all welds have been done by 
certified welders, all construction and galvanizing 
has met ASTM standards, all towers have been 
constructed in precision jigs, all steel has been 
tested for carbon content and tensil strength. 

When it goes to shipping, John is ready. 


When you decide on Tri-Ex 
you have many models to 
choose from. 

STACKED: 

Light, medium, heavy duty 
10 feet and up. 

CRANK UPS: 

Light, medium, heavy duty 
25 feet to 88 feet standard. 

SPECIAL TOWERS: 

Sky needle, Clementower 
37 feet to 180 feet & higher 
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Introducing Tri-Ex's new DX-86 
— 86 feet tall. 25 square feet in 
a 50 mph wind. 

Call you local dealer for details. 


FOR AOOITIONAL INFORMATION WRITE TO: 



TOWER 

CORPORATION 

7182 Rasmussen Ave. 
Visalia, Calif. 93291 
P.O. Box 5009 
Visalia, California 93278 
(209) 651-2171 


band-by-band summary 

Ten, fifteen, twenty, and thirty 
meters will support DX propagation 
from most areas of the world during 
daylight and into the evenfng with a 
lengthened skip out to 2500 miles 
(4000 km) per hop. The amount of 
daylight is still near the yearly maxi¬ 
mum, providing many hours of good 
DXing. 

Thirty, forty, eighty, and one-sixty 
meters are the night DXer's bands. 
On many nights 30 to 40 meters will 
be the only usable band because of 
thunderstorm QRN, but signal 
strengths via Es short skip may over¬ 
come the static, when Es is available. 
Although Es is available in August, it 
should be tapering off toward next 
month. Try the pre-dawn hours for 
less QRN. 

ham radio 


new solar index bulletin 

A new monthly bulletin from 
the National Geophysical Data 
Center provides solar information 
including: 

• daily sunspot number tabu¬ 
lation from previous month 

• list of latest predictions of 
smoothed'sunspot numbers 

• daily radio flux tabulation of 
the quiet sun at 9 wave¬ 
lengths 

• non-technical explanatory 
text 

To subscribe, send check or 
money order ($20 for one-year 
subscription), payable in U.S. 
currency and made out to the 
U.S. Department of Commerce, 
NOAA/NGDC, to the National 
Geophysical Data Center, Solar- 
Terrestrial Physics Division 
(E/GC2), 325 Broadway, Boul¬ 
der, Colorado 80303. To charge 
your subscription on American 
Express, phone 303-497-6324 or 
include account number and ex¬ 
piration dale with written order. 

ham radio 
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antenna hinge 


A method 
of mounting your beam 
more easily 
with less help 


For more than thirty years I have used a method of 
erecting a beam that enables me to put up the anten¬ 
na either by myself or with a minimum of assistance. 
I use a simple hinge that permits a Yagi-type antenna 
to be changed from a horizontal to a vertical position 
with the removal of a single bolt (fig. 1). The hinge is 
made of two pieces of channel steel or aluminum, 
with the latter preferred since it's lighter. 

The hinge should be as long as the top of the 
tower is wide. This ensures that when the antenna is 
tilted to a vertical position the bottom half of the 
antenna is parallel to the tower. The top half of the 
hinge should be at least 4 inches (102 mm) wide 
when you're using it with an antenna boom 2 inches 
(51 mm) in diameter; a larger-diameter boom requires 
a wider hinge. This is necessary so that the U bolts, 
muffler clamps, or the mounting method recom¬ 
mended by the beam manufacturer will give you 
enough clearance on the bottom of the top piece for 
properly tightening the nuts. 


typical hinge dimensions 


bottom half 


(mm) top half inches (mm) 




14 (356) 

5 (127) 

1-7/8 (48) 

3/8 (10) 


length 14 (356) 

width 4 (102) 

height 1-1/2 (38) 

thickness 3/16 (4.8) 


The bottom half of the hinge is positioned with the 
flat side down (channel up), and the top half, with 
the flat side up (channel down), is mated with the 
bottom half. In-line holes are drilled through both 
pieces approximately 3/4 inch (19 mm) from the 
ends. These holes should be slightly oversize to free¬ 
ly accept 1 /2-inch bolts 6 inches (152 mm) long. This 
is all that is required at this time. 


hinge-to-mast 
mounting plate 

The plate shown in fig. 2 is cut from 3/16-inch 
(4.8-mm) steel that measures 17 x 14 inches (43.2 x 
35.6 cm). It is almost necessary to have a machine 
shop fabricate it. In order to reduce weight, 4 x 12- 
inch (10.2 x 30.5-cm) triangles are cut from each 
side prior to making a 90-degree bend that provides a 
horizontal shelf 5 inches wide x 14 inches long (12.7 
x 35.6 cm). This leaves a vertical section 14 inches 
wide at the top, 6 inches wide at the bottom, and 12 
inches high (35.6 x 15.2 x 30.5cm). 

The bottom of the hinge can now be mounted to 
the 5 x 14-inch shelf using four 5/16-inch x 1-inch 
bolts. The holes are approximately 1-1/2 inches (3.8 
cm) in from each end of the shelf and hinge. 

parts assembly 

Mount a short section of the boom to the top half 
of the hinge. Mate the two pieces of the hinge and 
insert the hinge bolts. Remove one of the bolts and 
the position of the boom can now be changed from 
horizontal to vertical. Repeat the procedure by re¬ 
placing the first and removing the second bolt. While 
this temporary section of boom is in place, two addi¬ 
tional holes are required approximately 3 inches (7.6 
cm) from each end of the hinge on both sides of the 
boom. Holes to accommodate 3/8-inch (9.5-mm) 
bolts are drilled through both pieces of the hinge and 
mounting shelf, clearing the boom. 

After the antenna installation has been completed, 
the last thing to do before coming down the tower is 
to install the above bolts (3/8 x 2-1 /2-inch) to join 
the hinge and mounting plate. Without the bolts, 
wind vibration could damage the hinge. Mark the 
hinge, top and bottom, so that the ends can always 
be correctly mated. If reversed, some of the holes 
might not be in alignment. 

Check the antenna for balance before mounting it 
on the tower. If you balance it well, little effort will be 

By J.R. Yost, INI4LI, Route 3, Box 342, Mocks- 
ville. North Carolina 27028 
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needed to change the antenna from a horizontal 
position to a vertical one. 

mounting the antenna 

If the antenna weighs more than 50 pounds a gin 
pole is recommended. The antenna with all elements 
in place is positioned on the ground at the base of the 
tower with the boom at a right angle to the tower. 
The rope from the gin pole is tied to the boom near 
the end nearest to the tower. By pulling the rope you 
can stand the antenna on end and lean it against the 
tower. The rope tied to the boom can now be reposi¬ 
tioned to a point 1 or 2 feet above the hinge. A helper 
on the ground can pull the antenna up the tower, 
assisted by one man near the top of the tower. The 
antenna is kept in a vertical position right up to the 
point where the bottom end of the hinge attached to 
the boom is at a right angle to the horizontal half of 
the hinge attached to the mast (fig. 3). At this point 
the holes in the two pieces of the hinge should be 


fig. 4. Bolts in place secure the hinge. 

aligned and a hinge bolt inserted. With this bolt in 
place the antenna is secured to the antenna mast 
(fig. 4). 

final note 

Carefully plan your antenna installation. Write up 
each step to be taken including the tools needed. Al¬ 
ways use a safety belt when working on the tower. 
Make sure there is no way for the antenna to get near 
a power line. And always have someone standing by, 
clear of the tower and the antenna, in case of an 
emergency. 

ham radio 
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technical forum - — 

Welcome to the ham radio Technical Forum. The purpose of this feature is to help you, the reader, find answers to your questions, and 
to give you a chance to answer the questions of your fellow Radio Amateurs. Do you have a question? Send it in! 


Bach month our editors will select 
the best answer received to a 
question previously posed in 
Technical Forum. We'll send the 
writer a book from our Bookstore 
as a way of saying thanks. 


measuring small values 

I noticed that K9EBA [ham radio, 
February, 1983) was having trouble 
trying to measure small values of in¬ 
ductance, so I've decided to add my 
comments. 

I built my own version of the induc¬ 
tance meter described by Ed Marri- 
ner, W6XM, in the April, 1982 issue 
of ham radio. Since I wanted to be 
able to measure values of L over a 
wide range, I decided the easiest way 
to do so was to use different rf fre¬ 
quencies, separating that function 
from the amplifier and meter ampli¬ 
fier. This meant I had to come up 
with a gain control on the input of the 
amplifier that did not cause detuning 
of the tuned circuit in the output of 
amplifier. (While the circuit shown, 
fig. 1, may not please the purists, it 
does work. Use no more signal than 
is necessary, however, in the interest 
of avoiding harmonic generation in 
the tuned amplifier.) 

I found that sensitivity was poor 
when trying to measure values of L 
below 1 pH, so I wound a small air- 
wound coil in series with the un¬ 
known value of L . This increased sen¬ 
sitivity by making for a more favor¬ 
able L/C ratio at maximum capacity 
setting of CT and helped tremen¬ 
dously. The size is not critical as long 
as you can still measure the desired 
minimum value of L; in my case this 
was 0.039 /iH, as stamped on the 
case. 

As you can see from the enclosed 
calibration chart for the highest band, 
15 MHz (fig. 2), it is possible to cover 


from 3.3 pH down to 0.039 /tH with 
one frequency; lower frequencies can 
be used to measure larger values of L. 
300 kHz can be used to measure as 
high as 10 mH, the limit for most 
commonly used inductors, with read¬ 
ily available equipment covering 
larger values of L. 

Do not use the small tuning capaci¬ 
tors normally found in small transistor 
broadcast receivers at CT. The dielec¬ 
tric tends to wear thinner, throwing 
calibration off, especially at the maxi¬ 
mum capacity setting. 


If you use a low cost signal genera¬ 
tor for furnishing the frequencies to 
drive the amplifier, be sure to use 
minimum setting of output attenua¬ 
tor, since harmonic content is quite 
high on some of the less expensive 
generators and can cause false read¬ 
ings when trying to read values of un¬ 
known inductors. 

I used frequencies as follows: 15 
MHz, 3.3 to 0.039 pH; 5 MHz, 33 to 
3.3 pH; 1.5 MHz, 500 to 33 pH; 600 
kHz, 2.5 mH to 0.5 mH; 300 kc, 10 
mH to 1 mH. 
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In the schematic and on the cali¬ 
bration chart (figs. 1 and 2), to find 
unknown value of L, tune amplifier 
for maximum on the meter, with 15 
MHz signal applied, then pick off the 
percentage reading that intersects 
with the dial reading. Multiply the 
maximum value of L (3.3 /iH) that 
equals 100 percent times the percent¬ 
age thus found; i.e., 1.6 pH equals 49 
percent. This is not strictly accurate, 
since 3.3 does not equal minimum, or 
zero setting of dial, but it does allow 
accurate matching, which is usually 
what is needed. One can tell which L 
is the larger for sure, and that is a 
help. 

On the calibration chart (fig. 2) the 
transfer oscillator 15 megacycle 28 #6 
refers to the dipper coil used in the 
homegrown oscillator I built to use 
with this thing. Built in a beef stew 
can, it is an FET Seiler oscillator with 
buffer which drives the amplifier. (I 
also used a can to house the induc¬ 
tance measuring device.) 

John L. McDonald. W6SDM 
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Completely updated. 
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If you need 


RUBBER STAMPS: 3 lines $4.50 PPD Send check or MO 
lo G.L. Pierce. 5521 Birkdale Way. San Diego. CA 92117. 
SASE brings informal ion. 


Coming Events 

ACTIVITIES 

“Places to go...” 


• high stability 
• prompt service 

• cost savings 

General Communication 

• Industry 

• Marine VHF 

• Scanners 

• Amateur Bands 

• CB Standard 

• CB Special 

• Microprocessor 

Call or Write 
JAN CRYSTALS 


converters. Good clean condition. Sell as a package lor 
$200. Prefer New England safe for shipping reasons. 
Write Ron (K1PDY) RFD 2. Bo* 455K. Weare. NH 03281. 

GROUND RAOIALS WORK. Solve your vertical antenna 

solved ilor only $24.95. Send an SASE for photosand bro- 
sasCity. MO 64116. 

PARTS FOR SALE: Cleaning out accumulated amplifier 


SELL Raytheon 4D32 transmitting lubes new boxed only 
$30 each. Collection of thirty years receiving lubes SI.00 
each. Sond list of your needs for availability W50JT. PO 
Box 13151, El Paso. TX 79913. (915) 581-2017. 

SIGNAL/ONE transceiver, model CX-11A. Solid state 1.5 
to 30 MHz. lull OSK cw. 150 watt model. Very clean, little 
use. Contact Mike Russell, al 8668 Celesline Ave.. San 
Diego. CA 92123. or call (619) 278-9333 lor details. 


ed camping with hookups available at V8CC. Re 
flea market tables S4/day. Talk in on 3.965 and 34/< 
information. Huntsville Hamfesl. 2804 S. Memoria 
way. Huntsville. AL 35801 

ALABAMA: The Central Alabama Amateur 
Association s 6lh annual Hamfest, Saturday am 
day. August 27 and 28. at picturesque Huntingtc 
lege Del Champ Sludent Center. Montgomery. Fi 
mission and parking. Plenty of alr-conditloned acti 
Ilea market. DX forum, live RTTY demonstratior 
more. Setup 0600. doors open 0800 to 1700 Saturd 
III 1500 Sunday. Saturday night dutch treat t 
Honored guest, G3MLO, Peter Wealherall. Talk 
146.04/.64, For information or reservations: Hi 
Committee. 2141 Edinburgh Drive. Montgomei 
36116 or phone Phil at (205) 272-7980 after 1700 CD 

DELAWARE: The eighth annual New Oelrnarva Ha 
Sunday. August 21, Gloryland Park. 5 miles south 
mington. Admission $2.25 advance; $2.75 gate. T 
ing $3.50 with own table. Refreshments available. 


ILLINOIS: The Hamleslers Radio Club is having 
annual Hamtest and Picnic, Sunday, August 14, $ 
Park. 91st and Wolf Road, Willow Springs, south 
Chicago. Exhibits for OMs and YLs. Famous S\ 
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★★★★★★★★★★★★★A*********** 

J QUALITY MICROWAVE TV SYSTEMS J 
>*•**★★**★**★★★**★★**★**★★ * 
J Complete Systems From s 69 9s J 
* 1.9 to 2.5 * 


j Galaxy 

* Electronics 

J 6007 N. 61st Ave. 

* Glendale, Az. 

} 85301 

* 1-602-247-1151 
} 1-800-247-1151 

$ COD'S / Dealers Wanted 


OPERATING EVENTS 

“Things to do...” 


I TUBES, SEMICONDUCTORS, IC’Sl 
DIODES AT SUPER LOW PRICES " 
IN DEPTH INVENTORY 
I E1MAC, SYLVANIA, GE, CETRON I 
































REVIEW 


Alden's weather chart 
recorder kit 

Tha weather - it's the one thing that affects 
us all equally. On a tranquil summer afternoon 
you can watch the sun heat the atmosphere 
and turn cottony white cumulus clouds into 
brutal cumulonimbus thunderstorms. Just a 
few months later comes the chill of winter. 
Whatever the conditions, there’s little you can 
do except be aware and try to prepare for what 

If you're like me, the evening weather report 
is probably the most important part of the 
day's news. But however encouraging or dis¬ 
couraging the prognosis is, there's always a lin¬ 
gering doubt about its accuracy. 

There are other ways to forecast the weather 
in your immediate vicinity than watching the 
evening news or checking the color of the 

Alden Electronics, one of the largest sup¬ 
pliers of radiofacsimile recorders, contacted us 
recently and asked if we would be interested in 
building and using one of their new Model 9321 
Weather Chart Recorder kits. Because I’ve 
been interested in weather science since high 
school, I said I'd be happy to. 

their commercial product line. From what I saw 
and read, their chpobilitics seem to cover just 
about every aspect of the weather chart re¬ 
corder field, from high frequency and tele¬ 
phone to direct-from-satellite reception. 

A brief explanation may help clarify how and 
why radiofacsimile charts are important. Ships 
at sea can’t tune in Willard Scott from the To¬ 
day Show for the morning forecast. They de¬ 
pend solely upon broadcasts from fifty govern¬ 
ment-sponsored stations in more than twenty- 
five countries for status charts, forecast charts, 
satellite pictures, and ice flow charts, to name 
just a few sources of weather information. 
(Other sources include surface weather charts, 
surface wind analysis and prognosis, wave 
analysis, oceanographic charts, sea ice charts, 
and significant weather depiction charts.) 
Sometimes life-or-death decisions are 
based upon the information provided from 
these sources; for example, with up-to-date 
weather information, a ship at sea can steer 
safely away from a hurricane's path. 


the basics 

The Alden 9321 is designed using commer¬ 
cially tested and proven circuitry. Relatively 
speaking it is mechanically very simple and has 
all the latest in state-of-the-art electronics. It is 
packaged in a rugged plastic case designed to 
withstand the rigors of a hostile environment. 
And, unlike other facsimile equipment I've 
used, the Alden unit is relatively quiet and free 
from smoke odor and fumes. (I remember 
reading about a facsimile recorder that required 
an extensive venting system to remove the foul 
odors that accompanied its operation.) Light 
and compact, it requires only a stable, general- 
coverage SSB receiver to be put on line. 

The 9321 uses tv/o motors to provide stylus 
scanning and paper feed. The first motor is a 
tachometer-controlled dc motor that sweeps 
the stylus across the paper while the second 
motor slowly plays the paper out of the easy- 
to-change paper cassette. The stylus scans 
across the paper; when an image is transmit¬ 
ted, a slight electrical current flows through the 
paper and causes the image to appear. The 
reason the Alden unit does not produce un¬ 
pleasant odors is that its specially-designed 
moistened paper does not burn, but instead 
uses electron deposition to produce the image. 

the kit 

As I unpacked the kit, I discovered that the 
shipping box is divided into twelve clearly 
marked compartments numbered to corre¬ 
spond to the twelve-step, easy-to-follow, illus¬ 
trated instruction manual. Parts for each sub- 
assembly are clearly inventoried and identified 
to make the construction process as simple as 
possible. To ensure that the parts are not dam¬ 
aged in transit, they are carefully stored in plas¬ 
tic bags and wrapped in protective foam. 

Assembly is basically mechanical, not elec¬ 
tronic. Each step is carefully detailed, dia¬ 
grammed, and explained in the forty-two page 
instruction manual All of the electronics for 
the Model 9321 kit are factory assembled and 
tested, thereby taking advantage of the similar¬ 
ity to Alden's line of commercial facsimile re¬ 
corders. Assembly involves nothing more than 
selection of parts, installation, and in some 
cases, physical alignment. All interconnections 
are either through ribbon connectors or sturdy 
nylon shell pin connectors. The only electrical 
work is the installation of the LEDs and 
switches in the control panel assembly. 

Some kit builders may be disappointed that 
the electronics are preassembled and tested. 
But my feeling is that kit builders benefit from 
Alden's experience . . . and for most of us, 
anyway, the real reward comes when the unit 
is turned on and the first charts start to come 
off the recorder. 

It took ten hours to put this kit together - 

within a one week span. Before turning the re¬ 
corder on I ran a few tests to ensure that as¬ 


sembly had been done according to the man¬ 
ual. (Testing procedures are fully described 
with step-by-step instructions to make the 
process as simple as possible.) 

Alden went to the trouble to include two 
very important and helpful booklets as part of 

Marine Radio Facsimile Broadcast Schedule is 
a complete compilation of stations from 
around the world, and includes frequencies, 
transmission times, and schedules. Here on the 
east coast, the strongest U.S. station is the 
Navel Eastern Oceanography Center (NAM) in 
Norfolk, Virginia. NAM transmits weather data 
that covers the area east of the Mississippi 
River including the Gulf of Mexico, the Carib¬ 
bean, and the northern half of the Atlantic 
Ocean. In addition to various status maps, they 
also transmit detailed computer-enhanced 
photos taken from the GOES geostationary 
satellites. These photos are taken using either 
infrared or visible light so they can be of use 
day or night. 

Alden has also included a reprint of the 
Naval Eastern Oceanography Center's Facsim¬ 
ile Product Guide. The facsimile service from 
Norfolk can be broken down into four separate 
categories: atmospheric analysis, atmospheric 
prognosis, oceanographic analysis, and ocean- 

plained with a number of illustrations and ex¬ 
amples included to assist in interpretation of in¬ 
formation received. 

As I mentioned earlier, there are over fifty 
stations transmitting up-to-date weather infor¬ 
mation from twenty-five different countries. 
Most of these stations transmit at 120 scans 
per minute at an Index of Cooperation of 576. 



(The Index of Cooperation is an internationally 
agreed upon standard for expressing compati¬ 
bility between transmitting and receiving 
equipment.) A few charts are transmitted at 
288 IOC, but most are transmitted at 576; con¬ 
sequently, you’ll be able to get good quality 
pictures from the Alden 9321 for the majority of 
facsimile frequencies. (The 288 IOC charts will 
be compressed when received on a 576 IOC re¬ 
corder, but are still usable.) 

tuning 

Facsimile broadcasts are normally transmit¬ 
ted on upper sideband. After you connect the 
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unit to 120 volts ac and the audio output from 
the receiver, tune the receiver approximately 
1900 Hz lower than the facsimile station's fre¬ 
quency to correctly position the facsimile sens¬ 
ing circuitry. For example: to correctly tune 
NAM on 3357. tune the receiver down to 
3355.1 kHz. When you are correctly tuned, the 
two LEDs will be flashing. The green LED cor¬ 
responds to white and is usually the one that 
will be lighted the most. The red LED lights 
only when a black image is transmitted. 

At any given moment of the day, somebody, 
somewhere, is transmitting weather informa¬ 
tion. So it's likely that whenever you turn your 


haps not properly framed. If you turn your unit 
on and find that you've missed the framing sig- 

ton and keep it depressed long enough to cen- 

The unit also incorporates an auto-start and 
auto-stop feature so there's no need to be 
present during the transmission of charts. Each 
broadcasting station transmits a signal shifting 
between 1500 and 2300 Hz at a 300 Hz rate for 
three to five seconds before beginning trans¬ 
mission of a chart. This tone triggers the auto¬ 
start. The framing signal at the beginning of 
each charl is a 1500 Hz tone for approximately 
40 scan lines interrupted once each scan line by 
a 2300 Hz pulse. The auto-stop signal at the 
end of each chart is a signal shifting between 
1500 and 2300 Hz at a 450 Hz rate for three to 
five seconds. 

The first two charts I received were an at¬ 
mospheric analysis chart and a GOES satellite 
picture. These gave clear details of an ap¬ 
proaching storm, including its precipitation and 
cloud cover. They confirmed the weekend 
forecast, which was bad. I was fascinated by 
the upper air or steering current charts which 
came later on. 

As I mentioned before, it’s fun to try to sec¬ 
ond-guess the local weatherman. As it turned 
out, he was right. But I’m looking forward to 
being able to watch the weather as it develops 
and make my own forecasts. 

Facsimile hasn’t yet caught on as a popular 
mode of Amateur communication Facsimile 
devotees are much like the RTTY and SSTV 
gang - they're relatively few in number, but 
very interested and quite active. The new 
Alden9321 will go a long way toward popular¬ 
izing facsimile in the Amateui ranks. I'm sure it 
will be only a matter of lime before enterprising 
and knowledgeable tinkerers will be hard at 
work modifying this equipment to make it do 
more than even Alden could have imagined. 

I've done a lot in Amateur Radio over the 
past sixteen years from 160 meter DXing to 2- 
meter fm. I can truthfully say that I've really en¬ 
joyed using the Alden 9321 Recorder. I'm sure 

For more information, contact Alden Elec¬ 
tronics, Washington Street, Westborough, 
Massachusetts 01581. RS#301 
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products 


connector connection 

Nemal Electronics. Miami. Florida, has been 
appointed a master distributor of Kings' coaxial 
and special connectors, including a unique line 
of Teflon™ insulated UHF, N and BNC con¬ 
nectors. Kings' Teflon™ connectors are rated 
from 60 to +165 degrees C at 1000 volts 
RMS. 

The top-of-lhe-line PL259 is made using a 
special TR-4™ metal alloy that resists tarnish 
and enhances solderability. Retail price of the 
TR-4™ PL259 is $1.59. Other high quality but 
less expensive connectors are also available. 

For more information or a catalog, contact 
Nemal Electronics, 1325 N.E, 119th Street, 
North Miami, Florida 33161. RS#302 


hf transceiver 

ICOM has announced what it calls the most 
advanced, highest performing hf transceiver 
with general coverage receiver available to 
Amateurs today. The IC-751 features (COM's 
new CPU, with internal battery memory back¬ 
up, provides many advanced features, such as 
32 memories with memory storage of mode 
and frequency, and the scanning capability to 
cover large segments of the spectrum very 
slowly, or to scan the memories by selected 



mode. The IC-751 provides instantaneous, 
silent, band selection and has a unique 3-speed 
tuning system, Other features included in the 
IC-751 are full break in keying, passband tun¬ 
ing, notch filter, RIT and XIT with separate 
readout, fm built-in as standard, a very steep¬ 
sided FL44 sideband filter, continuously adjust¬ 
able noise blanker levels, dual VFO operation, 
and all mode squelch. An easy-to read two col¬ 
or fluorescent readout showing the frequency 
in white and the control functions in red, for 
low eye fatigue and high visibility in all ambient 




TU-470 

• Full featured RTTY fo 300 baud 
plus CW terminal unit. 

• 3 Shifts, active fillers, remote 
control, xfal AFSK, FSK, plus 
muoh more. 

Suggested retail price. .$499.95 
Infroducfory offer.. ... $429.95 
Offer Expires 9-1-83 


TU-170A 

• Single shift RTTY terminal unit. 

• Xtal AFSK, FSK, active-filters and 
more. 

Kit $189.95 
wired S289.95 


TU-170 

• Single shift RTTY terminal unit. 

• Low cost, AFSK, active-filters. 

$149.95 
(Kit only) 


TRS-80 * RTTY/CW 

ROM-116 Interface for model I, III, 
IV (16K MIN). All standard Baudot 
& ASCII rates to 1200 baud. Text 
editing, auto CW/ID, split screen, 
RTTY art, & much more. Proven 
reliable & available on tape or 
disk. Disk MAILBOX software 
available too. Call or write for 
more details 8i special prices. 


1-800-HAM-RTTY 

© Flesher Corporation 

P O BOX 976 
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THE AFFORDABLE REPEATER 

FROM THE MANUFACTURER OF COMMERCIAL & 
MILITARY EQUIPMENT MADE IN USA AT OUR 
MIAMI, FLORIDA PLANT 


,$ 69 %. 


• Helical Filter Installed $65.00. 

• 8 Pole Filter Installed $20.00. 

• Cooling Fan Installed $30.00. 

• Duplexer 

• Deluxe Cabinets 

• Timer 

• Tone Panel 


OTHER PRODUCTS 

• Simplex and Full Duplex 

• VHF/UHF Mobiles and Bases 

• Rural Radio Telephone 

• Auto Patch 

• HF SSB Transceiver 

• Catalogues available upon request 

DEALER INQUIRIES INVITED 


^ Basic Price 

FEATURES: 

• Several Frequency Ranges 

30-50 MHZ, 132-172 MHZ, 
200-240 MHZ, 380-480 MHZ. 

• Sensitivity .3 Microvolt 12 DB S/N 

• Power Output 30 Watts. 

• Four Pole IF Filter. 

• Complete separate transmitter 

and Receiver 

• 13.6 VDCor 115/220 UAC 

Power Supply. 

• 19" Rack Mounting. 

PAYMENT TERMS: 

Domestic Orders 50% with order 
50% C.O.D. 

Foreign Orders Letter of Credit 
or Advance Payment. 

Allow 2 to 6 weeks for delivery. 


[NEW! 

products 


light conditions is standard. The IC-751 is 
equipped standard for operation from 12 volts 
dc, and there is an optional internal ac power 
supply. The IC-751 has an advanced receiver 
design that provides true competition-grade 


improved antenna 



ITS International Telecommunications Systems Florida li 


PREVENT 

HI-TECH 

HEADACHES 


TS430S FILTER DEAL 


For- superior performant 
top-rated 8-pole Fox Tani 
the optional spots In yi 
our 1800 Hz FT2808 equi 


clean up interference, 
curb damaging power line spikes and 
ligjitning,bursts; 

ISO-1 Isolator 

3 isolated sockets; quality spike 
suppression; basic protection... {76.95 
ISO-3 Super-Isolator 
3 dual isolated sockets; suppressor; 


BIGGER IS BETTER! 

Iters are better because 


discrete crystal (not monoutnic) construction 
This makes them slightly larger than YK (Uteri 
so they are patched into the circuit with shor 
lengths of coax. Installation is easy — no drill 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES — Complete Kit 

Any ONE filter.S55 

Any TWO filters.*100 (Save S10) 

Any THREE filters.*145 (Save *201 

Includes all needed cables, parts, detailed in 
structions. Specify the typefs) desired. 

AM - FT2811 (6000 Hz Bandwidth) 

CW — FT2801 (250 Hz); FT2802 (400 Hz) 

SSB - FT2808 (1800 Hz); FT2809 (2100 Hz) 


FOX TANGO CORPORATION 

Box 15944 H, W. Palm Beach, FL 33416 
(305) 683-9587 
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A new challenge in the amateur radio world.. 

Introducing 2m & 6m SSB/CW QRP Transceiver kit . . . 


messages, programmable selective call control 
of the printer output, manual printer on-off 
control, non-volatile storage of HERE IS, 
"brag-tape" capability, selective call codes, 
and new rear panel connections for use with 
the ARQ1000. While the CT2200 is a new prod¬ 
uct that replaces the CT2100, a kit (including a 
new front panel) is available to enable CT2100 
owners to update their units to CT2200 capa¬ 
bility. 



The CWR6750 is a receive-only RTTV and 
CW demodulator and display generator. The 
CWR6750 features a built-in 5 inch video dis¬ 
play. Operating from + 12 Vdc, this compact, 
portable unit is recommended for RTTV and 
CW short-wave listening. 

For further details, contact HAL Communi¬ 
cations Corp., P.0. Box 365, Urbana, Illinois 
61801. RSA307 

programmable CTCSS 
encoder/decoder 

Ferritronics has announced the availability of 
the new P505A CTCSS Encoder/Decoder. 

The unit features quartz-accurate frequency 
synthesis and DIPSWITCH programming to all 
37 EIA sub-audible tone assignments. 

A choice of plug on or soldered on lead set is 
offered to suit various mobile and portable ap¬ 
plications of the unit, which measures 2.1 x 
1.2 x 0.4 inches. 



MX 2 (144 MHz band) and MX-6Z (50 MHz band) SSB/CW QRP... 

Transceiver offers the user unlimited challenges in QRP. It 
creates a new dimension in amateur radio operation and lots of 
fun to play with. The major circuits are factory assembled and 
tested to insure superior performance. Just solder a few 
wires to switches and connectors and you are in operation. No 
special tools are needed, only about one hour of your time 
assembling, and you are ready to challenge the amateur world... 


FEATURES 

■ 200mW for MX-2 and 250mW for MX-6Z 

■ MOS FET receiver front-end 

■ Noise blanker built in 

■ Single conversion receiver 

■ Built-in CW keyer 

■ VXO controlled (+50kHz per channel) 

■ External microphone and speaker jacks 

■ High quality crystal filter (7.8MHz) 

■ Provision lor external DC operation 

■ 6 x AAA dry-cell or 9V transistor battery 

SPECIFICATIONS 

. Model MX-2 144MHz band SSB/CW 
Transceiver 

• Model MX-6Z 50MHz band SSB/CW 
Transceiver 

• Operating Mode: A3J (USB), A1 (CW) 

• Maximum Output Power: 200mW 
(MX-2). 250inW (MX-6Z) 

• Spurious Output: Greater than 40dB 
down 

• Sideband Suppression: Greater than 
40dB 

• Receiver Sensitivity: Less than 0.5uV 
lor l5dB S/N 

• Frequency Tuning Range: Maximum 
+ 50kHz per channel 

• No. of Channels: 2 


$129.95 semi-knock-cown kit with channel 
crystal (one channel) and assembly instructions. 


Order today direct or from HENRY RADIO (800) 421-6631. To order direct include 
$3.00 shipping/handling. From California add sales tax. VISA/MC orders welcome. 
We will pay shipping/handling charge for all prepaid 'order's-. NO C.0.D, PLEASE. 


ACE cnmmiiniralitJTis. inr. 



For further details, contact Ferritronics, Inc., 
1319 Pine Avenue. Niagara Falls, New York 
14301 RSA309 


P.C. BOARDS FOR MOTOROLA BULLETINS 
:)() HB-18A - 12.on AN-762 - 14.00 

10 KB-27A - 14.00 AN-791 - 10.00 

50 KB-63 - 14.00 KB-67 - 14.00 

58 KEMET CHIP CAPACITORS: 56 pf, 82 pf, 
50 100 pf, 390 pf, 470 pf;-,50 ea 

75 680 pf, 1000 pf;55 ea 

50 5600 pf, 6800 pf, .1 uf;-l. .00 ea 

SBI.-l Douhle-BaUncc Mixer - 6.50 .83 n f ; -1. *>0 ea .68 wf {-3.90 ea 

CAMBION RE CHOKES: .15 uh, .22 ah, .33 wh, 4.7 uh, 10 uh - 1.20 ea 
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS :an-762, F.B-27A, E8-63 
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS :5pf,lttpf,15pf,25pf,30pf, 

40pf , 56p f , 60pf , A.kpf , BOpf , 91 pf, 1 OOpf , 200pf , 2 50pf , 390pf ,4 70pf , 1 OOOpf 


Communication Concepts Inc. 

2648 North Aragon A ve« Dayton, Ohio 45420»(513) 296-1411 














!NEW! 


CABLE TV 
CONVERTERS 
VIDEO 

ACCESSORIES 


KENWOOD 



40 CHANNEL 
CONVERTER 

$38 Regular S69 


cuitry allows you lo receive mid & 
super band channels. Restores pro¬ 
gramming lo Video Recorders. 

36 CHANNEL 
REMOTE CONTROL 
CABLE CONVERTER 

$88.00 

DIAMOND D-56 WIRELESS 
THE ULTIMATE CABLE T.V. 
CONVERTER 

, .I, 56 CHANNEL 

EsSiak INFRARED 

lllillSH I REMOTE CONTROL 
yB* S139.00 


DIRECT VIDEO SALES 

P.O. BOX 1329 

I JEFFERSONVILLE. INDIANA 47130 
CALL 

1-812-282-4766 


GROTH-Type 


COUNTS & DISPLAYS A 



Laurel l 
• HE Route 198 

. .COMM Laurel, Md. 

T . CENTER 208io 


CALL TOLL FREE 
1 - 800 - 638-4486 



AMT-1 terminal unit 

The AMT-1 terminal unit contains everything 
that is needed to convert an Amateur Radio 
station and personal computer lor ASCII termi¬ 
nal) into a fully operational data communica¬ 
tions system. It combines modern circuitry 
(AFSK modulator/demodulalor) with a micro¬ 
processor which handles AMTOR data trans¬ 
mission and also translates between AMTOR 
code and 8 unit, ASCII code. 

An ASCII. RS232 interface has been chosen 
for the AMT-1 because of the extra CONTROL 
and ESCAPE code flexibility which this allows. 
Additionally, home computers and data termi¬ 
nals with ASCII interfaces are now available at 
reasonable prices. 

In addition to AMTOR capability, the AMT-1 
also transmits and receives standard RTTY and 
transmits CW (morse code). A fourth Trans¬ 
parent" or "Direct" mode is available, which 


I R. H. BAUMAN SALES | 

P.O. Box 122, Itasca, III. 60143 

IaiHanHrapantennasII 


Lynnwood, Washington 98036. RSff308 


August 1983 















CONTROLLER 


w>* r ‘*e 


The RC-8S0 Repeater Controller Iscreating a New Breed ol repeaters. Providing the 
ultimate in reliable, versatile communication, with the most advanced repeater 
autopatch available, and synthesized linking to other repeaters. 


Plus two-tone paging, site alarms, and remote control functions.With remote 
metering to let you troubleshoot your system from home. Its built-in time of day clock 
and Scheduler have redefined the meaning of "automatic” control. 

The RC-850 controller is remotely programmable with Touch-Tone commands, 
and is available with life-like synthesized speech for an ideal human interface. 

And it's upgradable through software so it'll never become ol 


deal human interface. 
tome obsolete. 


10816 Northridge Square • Cupertino, CA 95014 • (408) 749-8330 



products 
frequency counter 

Global Specialties' new 1 GHz frequency 
counter, Model 6002, delivers accurate fre¬ 
quency measurement from 5 Hz to 1 GHz and 
also measures period from 100 ns to 200 ms. 
With three selectable resolutions (cycles aver¬ 
aged in the period mode), LED indicators, and 
simple push-button control, this unit offers un¬ 
complicated operation as well as versatility. A 
10 MHz crystal oven oscillator time-base as¬ 
sures ±0.5 ppm (10-40 degrees C), ± 1 ppm/ 
year stability. 

Two front panel mounted, ac-coupled BNC 
input connectors provide flexibility in use. The 
A input accepts signals from 5 Hz to 100 MHz 
with an input impedance of 1 megohm at 20 pF 
and resolutions of 10 Hz. 1.0 Hz and 0.1 Hz. A 
switchable lowpass filter provides a 6 dB/oc- 
tave roll-off at 60 kHz to facilitate audio and 
ultrasonic measurements. A x 100 multiplica¬ 
tion mode is available to speed up measure¬ 
ment and display of frequencies in the 5 Hz to 


10 kHz range. The B input accepts signals from 
80 MHz to 1 GHz with an input impedance of 
50 ohms at 10 pF with resolutions of 1 kHz, 100 
Hz, and 10 Hz. 

The front panel of the 6002 allows ready ac¬ 
cess to controls. Push-button controls include: 
Standby/On; Mode; Resolution; A/B input; 
and Lowpass Filter. The 8-1/2-digit display fea¬ 
tures leading zero blanking, bright 0.43-inch 
characters, and a contrast enhancement filter 
to ensure legibility in ambient light. LED indica¬ 
tors for "Gate Open," "Oven Ready,” and 
"Overflow" provide additional user conven¬ 
ience. and a flip-up leg gives added flexibility 
for benchtop use. 





The 6002 can be used for audi-VHF in com¬ 
munications. data processing, process control, 
rf design, digital design. QC, and maintenance. 

For additional information, contact Global 
Specialties. 70 Fulton Terrace, New Haven. 
Connecticut 06509-1942. RS#310 



Augat packaged products 

A major industrial manufacturer has an¬ 
nounced the nationwide distribution of a com¬ 
plete line of specially-packaged industrial-qual¬ 
ity electronic arid electromechanical products 
for consumer use. 



More than 600 styles of sockets, intercon¬ 
nection products, ribbon cable, and IDC prod¬ 
ucts and accessories — including Alcoswitch 
switches, lamps, and knobs are now available 
to Amateurs. 

A complete catalog is available. For informa¬ 
tion, contact Augat, Inc., 89 Forbes Boule¬ 
vard, Mansfield, Massachusetts 02048. RSA311 


satellite receiver 

National Microtech, Inc., announces the ad¬ 
dition of the Apollo Q-1 satellite receiver and 
down converter to its product line. The Apollo 
Q-1 satellite receiver/down converter carries a 
one-year warranty from National Microtech. It 
features push-button transponder selection, 
automatic polarity control, an audio-in signal 
strength meter display, and a built-in modula¬ 
tor. The Apollo Q-1 is packaged in a wood- 
grain cabinet with a sleek, black, anodized face 
plate. A separate down converter with integral 
LNA power block complete the package. 

National Microtech is a leading national dis- 
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cation or wide area coverage can be selected. 
An extension tube is also supplied for difficult 

Freez-lt is supplied in 15 and 22 ounce aero¬ 
sol spray cans. 

For further information, contact Chemtron- 
ics, Inc., 681 Old Willets Path, Hauppauge, 
New York 11788. RS0317 


clamp-on ammeter adapter 

The new Triplett Model 10-N clamp-on AC 
ammeter adapter is universally adaptable to 
any digital multimeter with 3/4 inch center ba¬ 
nana plugs, 10m ohm input and a 200 mV ac 



current range. Said to be ideally suited for in¬ 
field, non-interruptive circuit testing, the 
Model 10-N may be used with a line separator 
(Triplett Model 101), for single-conductor cur¬ 
rent measurements on two conductor cables. 

Current ranges are 0-20 amps and 20-200 
amps with an accuracy of ±3 percent. The 
range switch may be operated under load with 
no damage. 

The spring-loaded clamp jaws permit simple 
one-hand operation. Model 10-N is molded 
from high-impact thermoplastic material to 
provide years of durable, trouble-free opera- 

For further information, contact Triplett Cor¬ 
poration, One Triplett Drive, Bluffton, Ohio 
45817. RS0318 


new Sinclair catalog 

Sinclair Radio Laboratories, Inc., has re¬ 
leased the new edition of their product infor¬ 
mation catalog. The 16-page booklet contains 
updated technical specifications on a full range 

ers, and ferrite accessories. Copies are avail 
able from Sinclair Radio Laboratories. 

For more information, contact Sinclair Radio 
Laboratories, Inc.. 14614 Grover Street, Suite 
210. Omaha. Nebraska 68144 RS#319 



• Remote control available 

• Rugged components and construc¬ 
tion provide for superior producl 
quality and performance 

• Affordably priced offering the besl 
performance per dollar 

• Designed to ICAS ratings, meets FCC 
part 90 regulations 

• 1 year transistors warranty 

• Add $5 for shipping and handling 
(Cont. U.S.). Calif, residents add ap¬ 
plicable sales tax. 

• Specifications/price subject to change 



1. Models with G suffix haveGaAs 
FET preamps. Non-G suffix units 
have no preamp. 

2. Covers full amateur band. 


hSEND FOR FURTHER INFORMATION * 

__ TE SYSTEMS 

1 ^ P.O. Box 25845 

Los Angeles, CA 90025 
I (213)478-0591 



• Covers 10010 185 MHz in 1 kHz steps with thump 
wheel dial • Accuracy t aartper to million al all fre¬ 
quencies • Internal FM adjustable from 0 to 100 kHz 
al a 1 kHz late • Spurs and noise at least GO dB De- 
low carrier • RF output adjustable Irom 5-500 mV at 
50 ohms • Operates on 1? Vdr, @ 1/2 Amp • Avail¬ 
able tor immediate delivery • $349 95 plus shipping 

• Add-on Accessories available lo extend Ireq 
range add intimte resolution, voice and sub-audible 
tones AM. precision 1/0 dB calibrated attenuate) 

• Call tor details • Dealers wanted worldwide 


VANGUARD LABS 


Big LCD Clock 

$29.95 * $1.50 shipping 



M'tlfe '■ 


Ham Tags 

512.95 

+ 51.50 shipping 


MADISON Electronics Supply 
1508 McKinney. Houston, TX 77010 
713-658-0268 Toll Free - Orders Only 
1-800-231-3057 


* auDiGPORum fers 
8 the best in self-instructional 
1 foreign language courses using 
5 audio cassettes — featuring 
8 those used lo train U.S, State 
8 Dept, personnel iri Spanish, 

E French, German, Portuguese, 

5 Japanese, Greek, Hebrew, 

! Arabic, Chinese, ■ 

5 Italian, and ^tScHTl 

■ mo,e a foreign 
S language on 
j your own! ilaiog. 

5 Call (203) 453-9794, or fill out 
S and send this ad to- 

« Audio-Forum 

» Suite 37K. On-the-Green 

■ Guilford, CT 06437 




Slale/Zip is 112 

1 am particularly interested in (check choice): 

□ Spanish □ French □ German □ polish 

□ Greek □ Russian □ Hausa □ Czech 
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When it comes to 


QSL’s.. 




Vf 

it’s the ^ 

ONLY BOOK! 

US or Foreign Listings 


illLoolcs 



1296 & PHASE III 

MAKI UTV1200 - s 499 95 
2Mor6MI.F./3 WATTS 

• 4 TRANSVERTER MODELS 
•TX/RX CONVERTERS 

• PRE-AMPS, AMPS, FILTERS 




THEY’RE BACK... 

KENPRO ROTORS 

KR400.149 95 

KR500.189 95 



new Hamtronics® catalog 

Hamtronics. Inc., announces publication ol 
their 1983 catalog for the VHF/UHF/OSCAR 
enthusiast and two-way shops. The thirty-si* 
page, two-color catalog features many new 


shuttle. Also included are the popular fm trans¬ 
mitters and power amplifiers, VHF and UHF re¬ 
ceiving and transmitting converters, VHF 
transceivers, and other products. 

For a free copy, write to Hamtronics, Inc., 
65F Moul Road, Hilton, New York 14468, 
RS032O 


tone signaling products 
catalog 






















short circuits 

6-meter amplifier 

in the April, 1983, article by W2GN, 
"6-meter Amplifier," the two (paral¬ 
lel) plate blocking capacitors (fig. 1, 
page 73) are shown incorrectly wired. 
A correct installation would have 
them wired between the plate's cop¬ 
per strap and the inductor L as shown 
correcily done in fig. 2 on page 74. 

remote control hf operation 

The following corrections should 
be made to K5QY's article, "Remote 
Control hf Operations" (April, 1983): 

The source of the eight-bit I/O card 
referred to on page 32 is Applied En¬ 
gineering, Inc., P.O. Box 470301, 
Dallas, Texas 75247. The price is 
$62.00. 

Line 3775 of K5QY’s computer pro¬ 
gram (page 42) was omitted from the 
text. Line 3775 should read: 

3775 IF T = 9 THEN DL = -.0001 

In fig. 4, the center-tapped con¬ 
nection of the two series 0.01 nF tele¬ 
phone line shunt capacitors should 
only go to ground. The lower tele¬ 
phone line was inadvertently shown 
grounded. 

noise bridge 

The 365 pF capacitor required for 
construction of K2BT's rf impedance 
bridge (March, 1983) can be obtained 
from Radiokit, Box 411H, Greenville, 
New Hampshire 03048, or from 
Mouser Electronics, 11433 Woodside 
Avenue, Santee, California 92071. 

keyer interface 

In the February, 1983, article enti¬ 
tled "Low-Power Keyer and Inter¬ 
face," the following CMOS chips 
were used: type 4023 for U1, 4013 for 
U2, and 4001 for U3. Also, power 
(V + ) is applied to pin 14 and GND to 
pin 7 of each chip. 


UHF DECODER 
FREE IC-CHIPS 

WITH PURCHASE OF FV-3 COMPONENTS 
WHICH CONSIST OF: 

• FV-3 BOARD 

• INSTRUCTION MANUAL 

• BOX TO HOUSE IT IN 

• POWER SUPPLY 

• EDGE CONNECTORS 

• TUNER 

FOR ONLY $190 00 

LIMITED TIME ONLY! 

CALL NOW FOR YOUR ORDER: 
1-800-433-5169 

FOR INFORMATION CALL: 817-460-7071 

P B RADIO SERVICE 

1950 EAST PARK ROW DRIVE 
ARLINGTON, TX 76010 

WE HONOR VISA AND MASTERCARD *•' » 


■hull Service Shop • Spectrum Analysis ‘Antennas 
New and Used Equipment ‘CW-SSB-FM. Elc. • ' 

FCC Study Guides *Code Tapes ‘Books ‘Accessories I 


tennas 1 
:. ‘Towers I 
;cessories I 
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RRtfCIlONS 


a personal phone call 

If I could pick up the phone and call you right now, I'd ask each one of you personally how you feel about ham 
radio magazine. 

Something akin to this actually happened at Dayton this year, when more than 400 readers took the time to express 
their views, needs, and concerns to me at our booth. But this number — impressive as it is — represents less than one 
percent of our subscribers . . . and we need to hear from the other ninety-nine percent. 

Since I can't call each one of you personally. I'm doing the next best thing: asking you to take advantage of the 
survey form printed on this page and the next, and let us know, very clearly, how you feel about ham radio. 

I see this magazine (and all magazines, for that matter) as a conduit of thoughts — a communications channel. 
Editors are in a privileged situation. Information arrives from all directions, and can be directed, stopped or modified. 
Add to that an editor's own personal interests and inclinations and one can see that the different directions a 
magazine can take are many. But my desire is to provide material that you want to read and use. 

Because Radio Amateurs are such a diverse group, I fully expect to hear completely opposing viewpoints expressed 
with fervent conviction. The majority will rule, of course. But the minority will be heard. And we'll do what we can to 
try to meet their needs, too, without compromising our primary mission, which is to provide the Amateur community 
with the most useful and informative technical material in the Amateur Radio publishing field. 

We all have vested interests in this wonderful hobby; each and every one of us, at one time or another, has expressed 
our views privately or in the presence of large groups. All I'm asking is for you to do the same now in responding to the 
questions that follow. 

Many of the questions, you'll notice, have been asked before in other surveys. We have to ask them again because 
an accurate, up-to-date reader profile helps us make the short and long-term decisions that result in a magazine that 
suits your interests as closely as possible. Some questions ask you to rate the magazine by itself and in comparison to 
others in the field. (Besides being curious, we at ham radio prefer to work with fact rather than fiction.) Other ques¬ 
tions attempt to determine, very specifically, your present and future needs. We're only human. Maybe we've left out 
an area or two you would like to see discussed. Write it down! 

What is at stake are your needs. Correspondence and communications — dozens of letters and phone calls each 
day — coupled with our best intentions and understanding indicate that ham radio should continue to provide a 
technically sophisticated subject menu. With your help we'll be able to vary your diet, make it fuller and more satisfy¬ 
ing. Don't stop now — take pen in hand and as neatly as possible (please think of our poor compilers) respond to the 
survey questions. All of your opinions are wanted and needed. Thank you. 


Rich Rosen. K2RR 
Editor-in-Chief 


1983 reader survey 

Please reply to the questions below and return this page (or a photocopy) to READER SURVEY, 
Ham Radio Magazine, Greenville, New Hampshire 03048 by November 1,1983. 


ABOUT YOUR AMATEUR INTERESTS 

a. Class of license held_ 

Check here if no license held_ 

b. Number of years licensed,__ 

c. In which modes do you operate? (Check all that apply) 



d. 


What frequency ranges do you work? (Check all that 
apply.) 


e. How much of your equipment do you build? 

100%_ 75%_ 50%_ 25%_ 

Less than 25%_ None_ 


September 1983 BS 7 





When you build equipment, do you prefer to build: 

from a ki t from "scratch”__ 

What was the most complex piece of equipment 

you've built in the last 5 years? _ 

How many hours a week do you spend on Amateur 

Radio operation and activities? _ 

About how much do you spend each year on Amateur 
equipment? 

$100-$500_ $500-$ 1000_ $1000-$2000_ 

$2000-$4000_ $4000 +_ 


j. From what source do you obtain your books about 
Amateur Radio? 

dealer_ Ham Radio's Bookstore_ 

other mail order_ at shows_ 

k. Do you own a personal computer? 

Yes_ No_ 

If "yes," what kind?_ 

If "no" do you: 

Plan to purchase within one year __ 

Do not plan to purchase_ 


ABOUT HAM RADIO MAGAZINE 

a. From the following list, please choose the five areas of interest you would most like to see addressed in ham radio 
magazine on a regular basis. Enter your choices, in order of preference (favorite first) in the spaces below: 


antennas 
awards 
book reviews 

computers and Amateur Radio 
construction (simple) 
construction (intermediate) 
construction (advanced) 
contests 
DX 

FCC news 
future technology 
interviews 

international Amateur Radio journals 
license upgrading 


new product announcements 
News in Amateur Radio and 
current events 
opinion 

operating events 
product reviews 
Questions and Answers 
radio history 
receivers 
satellites 
social events 
speech synthesis 
surplus (conversions) 


test equipment (to build) 
test equipment (to buy) 
test equipment (to use) 
theory (simple) 
theory (intermediate) 
theory (advanced) 
other (please specify) 


3. 

4. 

5. 


b. To which Amateur Radio publications do you subscribe? 

ham radio _ QST_ CO_ 73._ Other_ 

c. Of the publications listed above, which one suits your needs best?_ 

d. In general, how do you feel about ham radio magazine? 

best in the field_ better than most satisfactory_ unsatisfactory_ 

e. In regard to technical content only, do you feel ham radio magazine is: 

about righ t too technical_ not technical enough__ 

f. In regard to clarity and readability, do you find ham radio magazine: 

well-designed and edited, easy to read_ satisfactory needlessly complex_ 

g. In general, do you feel that the articles in ham radio are: 

about right_ too long_ too short_ 

h. Have you ever purchased Amateur equipment as a result of reading about it in ham radio advertising? 

Yes_ No_ 

i. Have you ever purchased Amateur equipmentas a result of reading about it in ham radio editorial content? 

Yes_ No_ 

j. Have you ever purchased commercial or industrial equipment as a result of reading about it in ham radio advertising? 

Yes_ No_ 

k. Would you be interested in reading about current developments in commercial or industrial radio equipment in the pages 

of ham radio ? Yes_ No__ 

l. Looking back over the past three months (June, July, August) what one article or feature in ham radio did you most 

enjoy? _ 

Which article or feature did you least enjoy?_ 

m. If you could tell the editors of ham radio how the magazine could be improved, what would you say? 


ABOUTYOU 

a. Your age:_ 

b. Occupation:_._ 

c. Income Range (check one): Below $7500__ $7500-$12,999_ $13,000-$ 19,999__ 

$20,000-$29,999_ $30,000-$49,999_ $50,000 +_ 

Thank you for taking the time to complete this survey. 
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" AMATEUR RADIO'S NEWEST FRONTIER," THE NEW AMATEUR RADIO VIDEOTAPE production, is well 
on its way to release. NBC's Roy Neal, K6DUE, and Westlink's WA6ITF did the taping in mid- 
July at the ARRL, FCC, AMSAT's Goddard facilities, and with NASA in both Huntsville and 
Houston. Editing and dubbing were completed July 24, and the new 16-minute Amateur Radio 
promotional piece should be available about September 1 on VHS and 3/4-inch tape. 


THE FCC'S NEW "NO-MAIL.BACK" NOVICE EXAMS MUST CONSIST of one, two, or three questions 
from each of 2u FCC-provided groups of 10 questions each. The answers are not included, 
perhaps because the examiner, as a higher class licensee, should already know what the 
correct answer—or sometimes answers—is. In addition, it might also give a better op¬ 
portunity for the examiner to determine if the applicant really knows what he should or 
is simply parroting back answers from a "study guide." 

A Copy Of The FCC's List Of 200 Questions and details on how to administer the new 
Novice exam are available from ham radio for a business size (#10) SASE. 


W5LFL's OPERATION FROM THE SPACE SHUTTLE IS STILL ON SCHEDULE for the end of September. 
The ARRL is still trying to arrange for a ”<)0()" information line to be operational about 
a week before launch. Information on that line is to be updated frequently, particularly 
if it pertains to W5LFL's on-the-air activities. 

145.55 MHz Should Be W5LFL's Prime Transmit Frequency , with several alternates to be 
announced shortly before launch along with about 20 receive channels. 


" SUPER STRICT" INTERPRETATIONS OF THE FCC’S "BUSINESS COMMUNICATIONS " action that was 
announced in last month's Press top were not what the Commission intended. The FCC's action 
actually changed little in the rules, but was simply meant to be a reorganization and clar¬ 
ification of business communications-related items already there. 

Public Service Type Operations Such As Parade or walkathon coordination and the Eye Bank 
Net are still permitted. Amateur-related operations such as Hamfest "Talk-Ins" and even 
on-the-air swap nets are also still legitimate. In its release, the FCC stated: "The 
Order was not intended to impose any new restrictions or to cut back on what Amateurs have 
legitimately been doing all along. What was intended was to alert the Amateur community to 
the fact that the Amateur Radio Service should not be used in lieu of other radio services 
for the transmission of business messages.” 


Catalysts For The FCC's Action Were Two Recent West Coast Episodes , one in which a 
"citizens' posse" began using a local repeater as an auxiliary police communications chan¬ 
nel. In the other a government facility wanted its employees with Amateur licenses to 
patrol its fences and gates while using 2 meters for coordination. 


PRIVATE RADIO BUREAU CHIEF JIM McKINNEY HAS RESIGNED to become Chief of the FCC's Mass 
Media Bureau. Jim, who's long been a knowledgeable supporter of the Amateur Service, is 
replaced by Private Radio Bureau Deputy Chief Bob Foosaner. 
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PEP talk 

Dear HR: 

The article by VK3AFQ (ham radio, 
June, 1983), demonstrates one of the 
fallacies of defining the legal power 
limit in terms of PEP output. The 
metering device described, like the 
commercially available in-line "watt¬ 
meters," is designed to work with a 
50-ohm non-reactive load. Not all 
Amateur stations are equipped with 
suitable transmatches to arrive at a 
perfectly matched line at all frequen¬ 
cies within a band — let alone home¬ 
brew rigs designed to work into bal¬ 
anced feedline or oddball impe¬ 
dances. 

Nor is the statement by Rich 
Rosen, Editor-in-Chief, that the FCC 
proposal would increase our power to 
1500 PEP output, strictly true. Under 
present rules there is no limit to trans¬ 
mitted PEP, but practically, the limit 
is at least 3000 watts (one killowatt in¬ 
put, plate-modulated a-m phone). 
The power limit for CW, fm, RTTY, 
and SSTV would be doubled, while 
the limit for SSB would remain essen¬ 
tially unchanged. 

Actually, PEP is useful as an equip¬ 
ment design parameter, but is quite 
irrelevant to the purpose behind the 
lepal power limit. It is mean, or aver¬ 
age, output power that determines the 
effective field strength of a signal, not 
the power developed on occasional 
voice peaks. I believe that if the FCC 
goes ahead and replaces the relatively 
simple input power limit with some¬ 
thing as complicated to measure as 
PEP output, the practical effect will 
be the elimination of a power limit al¬ 


together. Many otherwise law-abid¬ 
ing Amateurs will rationalize illegal 
power by claiming to lack the facili¬ 
ties to make the necessary measure¬ 
ments to comply voluntarily under 
the new rules. The FCC simply does 
not have the facilities to routinely in¬ 
spect Amateur Radio stations for 
transmitter power.* 

Donald Chester, K4KYV 
Woodlawn, Tennessee 

*lt's now official — see presslop for details, 

simpler "panadaptor" 

Dear HR: 

I've been an hr subscriber since 
April, 1972, and I can't remember an 
issue in which I've found more first 
class technical articles than your Feb¬ 
ruary, 1983, number. Congratula¬ 
tions! 

Rick Ferranti's "Design Notes on a 
Panoramic Adapter/Spectrum Ana¬ 
lyzer" was particularly interesting. As 
someone who has worked with a sim¬ 
ilar homebrew project. I'd like to offer 
a couple of additional notes. 

If you have a receiver with a nar¬ 
rowband CW filter and you don't 
mind poking a few holes in the cabi¬ 
net, it may be possible to simplify the 
panoramic adaptor and reduce the 
parts count by using the receiver's in¬ 
ternal mixer, i-f amplifier chain, and 
filter. This technique involves substi¬ 
tuting an external swept oscillator for 
the tunable local oscillator of the re¬ 
ceiver and substituting the detector 
and video amplifier of the spectrum 
analyzer (Ferranti's fig. 11) for the re¬ 
ceiver's product detector and audio 


chain. The swept oscillator is con¬ 
nected to the LO port of the receiv¬ 
er's internal mixer stage in place of 
the internal tuneable LO; and the i-f 
output is picked off after, rather than 
before, the receiver's high selectivity 
filter. 

Before this arrangement, the exter¬ 
nal circuits which comprise the pano¬ 
ramic adapter consist only of: (1) a 
sweep oscillator, (2) a new "local os¬ 
cillator" for the receiver having the 
same tuning range as the receiver's 
own LO but which can be swept in 
frequency by the sawtooth output of 
the sweep oscillator, (3) the detec¬ 
tor/video amplifier, and (4) the oscil¬ 
loscope used to display the signal. 
For this circuit to function properly, 
both the tuneable local oscillator and 
the AGO bus of the receiver must be 
disabled. The receiver's mixer and i-f 
amplifiers should have wide dynamic 
range for best results. Sweep speeds 
ranging from 50 to 2000 milliseconds 
are desirable to avoid ringing effects, 
and these are practical if a long per¬ 
sistence (P7) CRT is used for the dis¬ 
play. Finally, it should be noted that 
this technique is suitable only for re¬ 
ceivers that have the same tuneable 
LO tuning range on each band; but 
this is true of most modern receivers 
that use a crystal-controlled first con¬ 
verter stage. 

Ferranti's design has the advantage 
of making it possible to sweep across 
a wide band of frequencies, regard¬ 
less of the i-f and LO frequencies of 
the receiver with which it is used. 
Using the scheme I recommend, this 
performance is harder to obtain. 

If the highest LO frequency is less 
than 3 or 4 MHz (this would be true of 
most "Collins type" receivers using 
455 or 500 kHz mechanical filters), 
there is a simple solution, using the 
Exar XR-205 "Monolithic Waveform 
Generator" chip as a swept LO. This 
chip has a guaranteed sine wave out¬ 
put of at least 2 MHz, and individual 
chips will run as high as 4 MHz. The 
frequency can be swept over a wide 
range, and the sweep is extremely 
linear with applied voltage. 
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Where the operating frequency of 
the LO is higher but still too low to 
permit the oscillator to be swept by a 
voltage-variable capacitor of reason¬ 
able size, some form of heterodyne 
scheme is a must. Ferranti's 32.82 
MHz VCO (fig. 5) can be used, mixed 
with the output of a fixed crystal os¬ 
cillator. After passing the difference 
frequency through a lowpass filter, 
the resultant would be injected at the 
LO port of the receiver's mixer stage. 
Even with this added complication, 
the recommended circuit will have a 
far lower parts count than Ferranti's 
double conversion technique, and 
there should be fewer critical adjust¬ 
ments. 

Miles B. Anderson, K2CBY 
Sag Harbor, New York 

more IO meter beacons 

Dear HR: 

A 10-meter beacon, using callsign 
KA1YE/B, transmits from Connecti¬ 
cut on 28.284 MHz. It sends a 30-sec- 
ond carrier followed by "KA1YE/B 
SE CT" and operates continuously at 
a A watt output level to a vertical 
antenna. 

The May, 1983, issue of Practical 
Wireless lists 19 worldwide beacons. 
A list of active beacons is maintained 
by Willi, HB9AVE. He would appreci¬ 
ate information from any groups or 
individuals either operating or plan¬ 
ning to operate a 10-meter beacon. 
There is a limited amount of space al¬ 
located for beacon operation on 10 
meters here in the States, so some 
prior listening and coordination is 
highly recommended before acti¬ 
vating a beacon. 

I am willing to act as a clearing¬ 
house for U.S. beacon information 
and activities. If anyone is planning to 
put a 10-meter beacon on the air, or 
knows about any other beacons ac¬ 
tive or planned for the U.S., I would 
appreciate hearing about it. 

W. Keith Hibbert, KA1YE 
25 Hillcrest Road 
Niantic, Connecticut 06357 



2M-14C 

KLM’s Circular Polarized antennas have been specifically de¬ 
signed to optimize OSCAR 10 and Russian satellite operation. 
Quality! workmanship and superior design, yield virtually per¬ 
fect circular patterns over the satellite operational bandwidth. 
Enjoy less Multi-Path Distortion, less Flutter, Fade, and better 
SIN Ratios, with comparable performance on transmit. 

Both the 2M-14C and 435-I8C sport virtually unbreakable 3/t6" 
rod parasitic elements anchored thru the boom, folded dipole 
driven elements prolduce excellent physical and electrical sym¬ 
metry for years of constant performance. 

Specifications: (2M-14C) 

BANDWIDTH: .. 144-150 MHt BOOM LENGTH:. 12 9 



















linear translators 


Narrowband technology and 
linear systems show advantages 
over conventional fm designs 

Narrowband techniques on VHF, namely SSB 
and CW, have attracted increasing interest among 
Amateurs over the past few years. While fm and re¬ 
peaters provide excellent service to thousands of 
hams, it is apparent in heavily-populated areas that 
we cannot go on forever with modes requiring 30 to 
40 kHz per QSO (the spectrum needed for a repeater 
input and output). Several solutions to this problem 
have been proposed, including single-sideband fm, 
spread-spectrum techniques, and, more recently, 
ACSB. 1 With a 3:1 to 4:1 advantage of SSB over fm 
a 3 MHz repeater pair could support as many as 300 
repeater channels using SSB-based techniques. Use 
of these narrower modes places a new requirement 
on the "repeatering" techniques which are nicely 
met by LTs or linear translators. 


what is a linear translator? 

A linear translator (LT) is a multi-mode repeater — 
with several important differences from fm repeat- 
ers.la* The basic difference between a translator and 
a repeater is in detection (fig. 1). A repeater detects 
an incoming signal and then uses the resulting audio 
(or video) to remodulate a transmitter. A translator 
merely converts the signal to a convenient i-f fre¬ 
quency, amplifies it, and re-converts it to the desired 
output frequency without ever detecting the signal; 
that is, the entire system operates at rf frequencies 
rather than remodulating a transmitter with detected 
audio or video. All rf stages in a linear translator must 
operate in their linear region. No limiting or logarith¬ 
mic processing can be applied. In this way it differs 
from the fm broadcasting translators used in fringe 
areas to improve weak signal reception. 

A repeater can receive only one frequency and one 
mode at a time, and retransmit what it hears via only 
one mode. A translator does basically the same thing 
but it does it at rf, so that if its i-fs are linear, any 
mode or signal inserted at the input is reproduced at 
the output. Even multiple signals at the input will be 
reproduced at the output. 

By James Eagleson, WB6JNN, 280 Manfre 
Road, Watsonville, California 95076 
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history of LTs 

In early 1980, two linear translators were placed in¬ 
to operation in the San Francisco Bay area. 

One machine, built by Narrow Band Communica¬ 
tors, Inc. (NBC, lnc.),<W is an in-band translator 
using a standard 600 kHz split. It incorporates two in¬ 
dependently AGC'd 10-kHz-wide i-fs and can sup¬ 
port as many as four SSB QSOs with minimal inter¬ 
ference or two, low-deviation fm QSOs. 

The other LT, built by Project OSCAR in coopera¬ 
tion with the Bay Area Two Twenty Group 
(BATTGU C > uses an input of 1296.3 MHz and an out¬ 
put of 1269.3 MHz. Its i-f bandwidth is 30 kHz. Its 
proposed uses as an SDLT (Satellite Development 
Linear Translator) are: 

... to act as a regional "repeater." 

... to provide net and bulletin services. 

... to provide a source of 1269 MHz signal for 
OSCAR, Phase III, mode L (24 cm/436 MHz) 
operation. 

... to provide multiple-channel capability for SSTV, 
Packet Radio and RTTY users. 

... to provide experimental data needed to build sat¬ 
ellite interties, i.e. interlink translators between 
satellites, 

... to provide an economical means of accessing the 
proposed commercial geosynchronous satellite 
with an amateur channel add-on. 

... to provide intra/interstate network interties via 
unused LT channels, 

comparing linear translators 
and fm repeaters 

A linear translator provides all the same functions 
normally provided by an fm repeater. These include 


extending the coverage of mobile transceivers; ex¬ 
tending the coverage of stations with low power, 
poor locations, or limited antennas; providing a fixed 
monitoring frequency; and making available a known 
frequency, power level, and location useful for sta¬ 
tion evaluation. Additionally, a translator can provide 
multi-mode operation; multi-station operation; CW 
(A1); and telemetry, remote sensing, and codestore 
(mailbox or bulletin) capabilities, all independent of 
main channel use. With narrowband techniques, 
both voice and data channels can use an LT simulta¬ 
neously with only moderate interference. 

Although the basic difference between repeaters 
and LTs is in detection, some operational differences 
also exist. First, a linear translator does not produce a 
squelch tail. Also any frequency variations by the in¬ 
coming signals will also appear at the output — with 
the same variation. While the noise output of a linear 
translator is 10-20 dB less than that of an unsquelched 
fm repeater, its noise floor may be detected by sta¬ 
tions close in unless some form of squelch or COR 
system is used. Another difference is that fringe-area 
stations may not be able to hear other fringe-area 
stations, even though all stations local to the LT will 
easily hear and be able to work both (fig. 2). 

LT design approaches 

SSB translator. Sensitivity: 6-9 dB improvement 
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over an fm repeater;< d l Power output: 200 watts PEP 
at altitudes limited to 100-watt carrier power on fm; 
Range: advantage is 1.4:1 over equivalent fm re¬ 
peater. Using signal-to-noise-ratio enhancement 
techniques such as ACSB can make this as much as 
2 : 1 » 

Shared-channel translator. In this system, all sta¬ 
tions share one "channel" and derived ALC or AGC 
is a function of the output of the entire passband (see 
fig. 3). While this technique has the advantage of 
simplicity and works reasonably well for satellite 
translators, in which there are only small relative 
power or range differences between stations, the 
system is not well suited for land-based use. Several 
problems exist when using the shared-channel 
translator with terrestrial LTs that do not occur with 
multi-i-f LTs. 

Selectivity is one of the problems. A 20-kHz i-f fil¬ 
ter with a 2:1 shape factor is 40 kHz wide at its - 60- 
dB points. On the other hand, two side-by-side 10- 
kHz filters are 30 kHz wide at the - 60 dB points, 
since each filter is narrower to start with (fig. 4). 

Strong signals can desensitize the gain stages in 
this system and a form of squelch or COR (carrier- 
operated relay) is needed to reduce or eliminate the 
LT's noise output when it is not in use. With the 


single 20-kHz-passband kind of system, the sensitivi¬ 
ty of this COR is 3 dB worse than that of a system us¬ 
ing two 10kHzi-fs.( f ) 

The ARTOB LT. A third method, suggested by Ital¬ 
ian ARTOB experimenters, 2 uses multiple i-fs for in¬ 
dependent AGC control of smaller portions of a satel¬ 
lite's total passband. This prevents any one station 
from creating interference on other segments of the 
passband. The Italian system uses three 30-kHz i-fs 
yielding a total passband width of 90 kHz. The in- 
band, 2-meter NBC translator uses a slightly different 
approach, with two 10-kHz i-fs plus one 3-kHz 
"single channel" i-f. AMSAT Canada, in their SYN- 
CART proposal,<9> suggests using one 100-kHz gen¬ 
eral-purpose i-f flanked by two 10-kHz, special- 
service i-fs (one for data and one for bulletin, net, 
and special uses). All of these systems were developed 
about the same time to meet specific requirements. 
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advantages of multiple i-fs 

With the use of multiple i-fs, any i-f can be turned 
on or off at any time to help control interference, re¬ 
duce noise from unused channels, or to allow re-use 
of the edge of one LT by the edge channel of an adja¬ 
cent one. Out-of-channel noise and i-f-caused distor¬ 
tion products can be more closely controlled by the 
use of multiple, narrow i-fs. A 20-kHz-wide LT using 
five 3-kHz-wide i-fs has a -60 dB bandwidth of 24 
kHz; by contrast, a single i-f system has a -60 dB 
width of 40 kHz. 

Under low-use conditions, when the number of 
stations is fewer than ten (the normal situation on a 
20-kHz-wide LT), better control of AGC pumping by 
strong stations can be maintained. With a multiple 3 
kHz channelized LT all stations can provide full out¬ 
put regardless of the ratio of the strongest to weak¬ 
est station. Intermodulation-related interference be¬ 
tween the various channels can still occur, but even 
this is improved by the multiple i-f technique. 

A multiple i-f channel system can dedicate specific 
channels for special uses. SYNCART has a hard-lim¬ 
iting fm-AFSK (ASCII) 15 kHz channel for data trans¬ 
mission, a general-purpose, 100 kHz-wide channel 
for operation similar to present OSCAR satellites, a 
special 100-kHz i-f for RTTY, SSTV, and ASCII nar¬ 
rowband techniques, and a reserved 15-kHz i-f for 
educational, bulletin, net, and emergency uses (fig. 
5). Terrestrial LTs could have 1-kHz i-fs for CW/FSK, 
3-kHz i-fs for SSB, 10-kHz i-fs for fm or shared SSB, 
or some combination providing multiple uses. 

system design 

Design considerations for a linear translator are 
somewhat different from those for an fm repeater.< h > 
For one thing, many integrated circuits, such as the 
CA 3089 or MC 1357, are not available for linear 
receivers. 

The general scarcity of knowledge about LTs is re¬ 
flected in the lack of surplus or commercial linear 
translators, the unavailability of step-by-step LT re¬ 
peater handbooks, and the absence of experienced 
commercial LT users. Even AMSAT, probably the 
most experienced developer of LTs for the OSCAR 
satellites, has not published much on their design 
and construction. 

building a linear translator 

The power amplifier. Multi-station LT operation re¬ 
quires better than average linearity in the PA stages, 
with greater than 40 dB third-order IM distortion the 
goal. A maximum output of 100 watts from the am¬ 
plifier, using two 80-watt stages, should produce an 
amplifier capable of meeting the design goal. The 



addition of a 3 dB or higher gain antenna brings the 
ERP level up to 200 watts. 

Transmit chain. An output power level of 100 watts 
helps define the gain required between the transmit 
up converter and the output port (fig. 6). Using a 
high-level, double-balanced, diode-ring mixer — 
such as the Mini-Circuits SRA-1H, the Cimmaron 
CM-1H, or equivalent — IM3 products should be 40 
dB below each output tone at an input signal level of 
0 dBm PEP. This translates to an output level of 
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approximately -7 dBm PEP from the mixer (normal 
losses) with another 1 dB lost in the image bandpass 
filter. The resultant input to our transmit PA amplifi¬ 
ers is -8 dBm PEP. An output level of +50 dBm re¬ 
quires + 50 - (-8) or 58 dB gain for achieving our 
goal. Fig. 7 can be used to work with different power 
levels. 

I do not recommend using lower cost double bal¬ 
anced mixers for the upconverter. A 10 to 25 watt 
system might be able to make use of them, but the 
spurious-free output of the high-level mixers is easier 
to filter than that of the "standard level" units. The 
addition of a local oscillator buffer helps drive the 
high-level mixer LO ports to +17 dBm. If standard 
level mixers are used, all ports must be terminated in 
50 ohms at all rf, i-f, LO, harmonic, and image fre¬ 
quencies. Not doing so can affect linearity and spuri¬ 
ous content significantly. 

The front end. Next in importance to the transmit 
chain is the front end of the LT. Too much gain can 
produce intermodulation products, desensitization, 
crossmodulation products, and other related prob¬ 
lems. Too little gain reduces sensitivity for weak-sig¬ 
nal reception (poor noise figure) and makes the 
choice of i-f gain more critical. The best choice for a 
mixer for the receive converter (down converter) is 
the double-balanced, diode-ring mixer. Although its 
inherent loss worsens the front end gain, other kinds 
of mixers (especially the bipolar) provide gain at the 
expense of poorer noise figure performance (10 dB 
typical versus 6.5 dB for a double balanced mixer), 
poorer IM, desense, or crossmod, or poorer port-to- 




port isolation.* The best compromise seems to be a 
good low-noise preamp followed by a good double 
balanced mixer feeding an i-f amplifier with a 2-4 dB 
noise figure. 

The preamp's gain should not exceed 25-30 dB, 
and it should have a noise figure of less than 2.5 dB. 
This is easily obtained with single-stage GaAs FETs 
with noise figures under 1.0 dB. The J-310 and U-310 
JFETs can also be used in two-stage preamps yield¬ 
ing a 1.8-2.2 dB noise figure with 25 dB gain. An¬ 
other good choice is the CP-640 or 643. These units 
can give reasonable noise figure and excellent high- 
level performance at higher voltages. The older FETs 
(such as the MPF-102 and 40673) should be avoided 
because they do not provide the IMD, crossmod, and 
desense performance required for LT service. 

A word of caution concerning GaAs FETs. Though 
they provide excellent performance with less than 0.5 
dB noise figure and better than 100 milliwatts 1 dB 
compression point performance on 2 meters, they 
can be destroyed by improper handling. Oscillations 
resulting from improper terminations, insertion into 
systems not having adequate TX/RX isolation in the 
duplexer system, and static discharges (even when 
the device is not turned on) can all cause failure. 
Careful handling is necessary. 4 

Noise floor output. The noise floor is the amplified 
output of the noise generated in the front end and i-f 
amplifier stages. In an fm repeater this noise is equal 
to the output of any station received by the system 
but it is squelched off when no signal is present and 
masked by signals when they are there. In an LT, the 
noise output depends on the gain of the system, 
overall noise figure, and the amount of external noise 
amplified by the system. Since it's not desirable for a 
repeater to transmit constant noise, some control is 
needed. 

For high-altitude, balloon-borne LTs like the AR- 
TOB experiments, or for orbiting LTs such as the 
OSCARs and RS, no COR or squelch is required. 
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Everyone is far enough from the LTs so that by set¬ 
ting the noise output at about 30 dB below the maxi¬ 
mum LT output level no one complains about the 
passband noise — even though it is transmitted con¬ 
tinuously. 

The terrestrial situation is different. Stations may 
be within one or one hundred miles of an LT, and a 
40-dB stronger signal is received at the closer loca¬ 
tion. At this close station, the noise output of the LT 
will be heard quite clearly. The answer, of course, is 
squelch or COR. For the NBC machine we chose to 
operate the PA systems using COR. Single-channel 
or multiple-channel systems could use squelch on 
each channel. 

Noise floor versus full output level. A 30-dB full- 
output to noise-output ratio has been adopted by the 
ARTOB and OSCAR LTs. Will that suffice for a ter¬ 
restrial LT? There are several arguments for and 
against it. 

The argument for it is that, almost universally, the 
typical ham operator begins to feel that a signal is 
strong when it approaches a 30 dB signal-to-noise 
ratio (SNR). While we rarely obtain 30 dB SNR on 
the hf bands (at least signal-to-Zofe/ference levels are 
more typically in the 5-15 dB range), if there is only 
noise behind the signal, 25-30 dB SNR is where most 
of us would start calling it S -8 or S-9. 

On the other hand, weaker stations using a system 
set with the AGC 30 dB above the noise floor are 
clearly at a disadvantage. A signal arriving at 10-15 
dB above the noise floor, for example, would have an 
output 15-20 dB below the typical strong signal. This 
means that fringe area stations could access the LT 
and work stations local to the machine, but would 
not be heard by another station in their own area or 
in some other fringe area of the LT. 

It is my opinion that an LT using COR or squelch or 
both can provide more gain so that weaker signals 
will be more intelligible. The additional noise will be 
squelched off when the LT is not in use and stronger 
stations will reduce the gain through AGC action 
thus reducing the background noise, with a subse¬ 
quent improvement in SNR. This can be especially 
helpful in single- or multi-channel systems where 
AGC pumping of one signal by another signal is less 
of a factor. 

Recommendations. SSB repeater: AGC at 12-15 
dB above noise floor; Multii-f LT: AGC at 18-25 dB 
above noise floor. Certain i-fs, especially narrower, 
single-station ones, can have a 1-3 dB higher AGC 
setting. Shared channel: AGC at 25-30 dB above 
noise floor. 

Measurements are made using 2.4-kHz instrumen¬ 
tation or receiver bandwidth. Noise output is directly 
related to the noise bandwidth by this formula: dB 


change = 10logB]/B 2 . Consequently, if a wideband 
output meter is placed on an LT with a 30 dB SNR in 
a 2.4-kHz bandwidth, the meter would see only a 20 
dB SNR (if the LT's entire passband is 24 kHz wide). 

i-f amplifier gain. The i-f amplifier must provide 
enough gain to bring the equivalent noise input of 
the preamp/converter up to a level that is 30 dB 
below the desired maximum output level (AGC maxi¬ 
mum level). This assumes, of course, that our design 
goal is 30 dB AGC to noise output ratio. We've previ¬ 
ously shown that the front-end gain consists of 25-30 
dB preamp gain with a mixing loss of about 7 dB, 
leaving a front-end (down converter) gain of about 
18-23 dB. For our purposes, we will assume 20 dB. 

An additional factor must be considered. All pre¬ 
amps internally generate their own noise. Noise fig¬ 
ure is the ratio of a preamp's actual noise output rela¬ 
tive to what its output should be if it did not add any 
noise of its own to the system. In other words, while 
a perfect 10-dB gain preamp would give -140 dBm 
+ 10 dB or -130 dBm noise output, a typical low 
noise figure preamp would actually give about 2 dB 
more noise output, that is, -128 dBm. Consequent¬ 
ly, a signal arriving only 10 dB above Johnson-Kelvin 
noise yields a 10 dB SNR with our perfect preamp, 
but only 8 dB SNR in our practical preamp. 

The formula for determining the Equivalent Noise 
Input (N equiv ) of any receiver is: 

Nequtv = -174 dBm + 10 log Bf 1z + NF d B 
For our LT system, assuming a system noise figure of 
3 dB and a bandwidth of 2400 Hz, N equiv is: 

N equiv = -174 + 34 + 3 = -137 dBm 

For a noise output 30 dB below full output, our out¬ 
put noise level is: 

N 0 ut = Pout max ~ SNR Destred 

Since we've settled on 30 dB for this case, and 
we've determined that 0 dBm is our P outmax i-f noise 
output is: 

N out = 0 dBm - 30 dB = - 30 dBm 
The required i-f gain to achieve this noise output is: 

G,./ = N out - (N equtv + GonCv) 

For our example: 

Gi-f = -30 dBm - (-137 dBm + 20dB) 

= -30 dBm + 117 dBm 
= ,87 dB 

too much gain 

Just as we've previously indicated that 60 dB or 
more gain in the PA stages begins to get difficult to 
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control, gain exceeding 75-85 dB also begins to get 
unmanageable at most i-fs. This is why most fm 
radios use two i-fs, 10.7 MHz and 455 kHz, before 
detection. The amount of gain required to provide 
good fm limiting (about 90- 100 dB at i-fs), exceeds 
the gain practical on any one given frequency. The 
same technique is applied to the LT design, that of 
splitting up the gain-producing stages at two differ¬ 
ent frequencies. 

With a practical limit of 85 dB on any given fre¬ 
quency, a translator that uses a single i-f can set the 
noise floor no higher than about - 30 dBm, or about 
30 dB below full output. This gain is reasonable for 
multi-i-f or broadband single-i-f systems (assuming 
care is taken in shielding and layout), but cannot be 
pushed further for a repeater-type system (fig. 8). 

a different approach 

An approach I've wanted to try but have not yet 
had the opportunity to get to is the use of two lower 
gain i-fs on frequencies separated by the TX/RX off¬ 
set split. The signal would be converted to 10.7 MHz, 
amplified by a factor of 50 dB, converted to 11.3 
MHz (600 kHz up), amplified another 50 dB, and then 
converted to the output frequency. 

This has two advantages. The same local oscillator 
can be used for both receive and transmit conver¬ 
sion, since the transmit i-f is already 600 kHz above 
the receive i-f. Also, improved frequency stability can 


be achieved using a subharmonic output from a 
stable oscillator. This means that any receiver LO 
drift is tracked precisely by the transmit LO (which is 
the same in this case), and drift of the i-f to i-f con¬ 
verter oscillator is divided by the same ratio used to 
obtain the 600-kHz injection signal. Example: 

144.510 MHz - 133.810 MHz = 10.700 MHz 
10.700 MHz + 0.600 MHz = 11.300 MHz 

11.300MHz + 133.810MHz = 145.110MHz 

The 600 kHz can be derived from a 4.8-MHz crystal 
(divide by 8). Its drift at 4.8 MHz will likely be less 
than 100 Hz over moderate temperature excursions, 
thus the 600 kHz will drift only 100/8 Hz, or 12.5 Hz. 

clamping the offset to 600 kHz 

For in-band translators or SSB repeaters using 
normal offsets (600 kHz on 2 meters, 1.6 MHz on 
220, and so forth), the one-frequency i-f scheme pre¬ 
sents a slight problem in another area. If the offset i- 
fs are not used, the drift between the upconverter 
and downconverter LOs can be as high as 200-400 
Hz. This is unacceptable on SSB. 

NBC's solution was simple. The receiver's LO was 
made into a VCO (voltage-controlled oscillator) and 
slaved to the transmit LO after both were divided 
down to 600 kHz. Using this phase-locked loop (PLL) 
provides for nearly perfect 600-kHz offset with an er¬ 
ror only as large as the drift of the 600-kHz reference 
oscillator divided by whatever divide ratio one is us¬ 
ing. In fact, the NBC system uses a standard 10.240- 
MHz reference oscillator (as used in many CB sets 
and ham rigs), dividing everything down to a stan¬ 
dard 10-kHz reference frequency using standard, 
well-proven CB-type PLL circuitry and parts. Thus 
our TX/RX offset accuracy is 10.240/0.600 MHz, or 
seventeen times better than that of the 10.240 MHz 
oscillator. Since this may drift less than 100 Hz under 
normal temperature conditions, our offset drift will 
typically run less than 100/17, or about 6 Hz (fig. 
9A,B). 

other problems 

LTs have a new set of problems not generally seen 
on fm repeaters. The first problem is impulse noise. 
While an fm repeater in the presence of noise 
squelches more tightly, an LT will break squelch and 
retransmit that noise with the degree of fidelity its i-f 
selectivity allows. There are two methods of prevent¬ 
ing this: 1. use a more sophisticated squelch system 
than the usual level detector, or 2. prevent noise 
from getting to the detector by using an effective 
form of noise blanking. 

Single-channel systems (SSB repeaters, multiple- 
single channel systems) could use the ratio squelch 
systems developed by Kahn some years ago (fig. 


September 1983 Qfl 27 






10A and B). This device is sensitive to voice charac¬ 
teristics and triggers a squelch detector driven from 
an audio (or i-f) ratio detector or discriminator. 

Single-channel systems can also use sub-audible 
carriers for COR (fig. IOC) or squelch triggering. If 
each station transmits a carrier, say, within ± 100 Hz 
of the frequency where the COR or squelch is tuned 
(whether an audio detector or narrowband 300-Hz i-f 
filter is used really doesn't matter), only signals at 
that frequency trigger the system. Noise, being 



broadband, needs to be much stronger to trigger the 
system. 

If the entire passband of the LT is converted to 
audio frequencies, a series of af filters driving individ¬ 
ual detectors can be used to cover the entire pass- 
band in 1-kHz steps (fig. 10D). If any one detector is 
triggered by audio in its frequency range, it will turn 
on the LT. The 1-kHz selectivity still provides some 
discrimination against triggering on noise by reduc¬ 
ing it by 4 dB. Additionally, this provides greater sen¬ 
sitivity to weaker desired signals in the smaller band- 
widths. 

Another system uses two detectors with a com¬ 
parator so that one averages noise, pulses, or signals 
present and the other sees the peak value (fig. 10E). 
CW, SSB, or fm have a fairly low peak to average 
ratio, so that if the comparator's gate signals were 
set to trigger only on signals whose peak to average 
value was less than 4:1, most pulse-type noise would 
not trigger it, since its peak to average is typically 
much higher than 4:1. 

None of the above systems have been tried on the 
NBC LT. Reports on your experiments would be 
appreciated. We have chosen merely to monitor the 
system and reduce i-f gain when noise becomes a 
problem. This isn't elegant, but it works! 

Noise blankers present a particular problem in LT 
service. While it is not difficult to produce a noise 
gate and the associated detector scheme, it is diffi¬ 
cult to operate any NB system in a full-duplex sys¬ 
tem. The transmitter signal is usually strong enough, 
even after a duplexer, to cross-modulate the noise 
blanker. 

Here are a few suggestions for resolving the noise 
blanker problem. The first is to detect and trigger on 
out-of-band noise pulses. Collins has used this tech¬ 
nique for years and many CB sets have NBs tuned at 
24 MHz rather than 27 MHz so that stronger signals 
aren't detected in the pulse detector circuit, causing 
crossmodulation products in the system. For 2 
meters or other VHF/UHF frequencies one can tune 
just below or just above the band to find a 100-200 
kHz range that is free of strong signals, convert it to 
an appropriate i-f, then build the pulse detector 
around that. A notch filter at the output frequency of 
the LT might also be required to protect the NB 
downconverter. 

A more standard i-f-type noise blanker immediate¬ 
ly following the downconverter of the LT could be 
used if run through a 30-kHz crystal filter to remove 
the output and strong adjacent signals. This will not 
be quite as effective due to the narrow bandwidth 
(pulses will tend to ring and broaden), but is used 
effectively in many 2-meter SSB rigs. Strong signals 
on immediately adjacent channels ( ± 20-30 kHz) may 
also cause some problems. Use of a 40-60 kHz filter 
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might improve pulse sensitivity giving better blank¬ 
ing, but would increase the risk of adjacent channel 
crossmodulation. 

With either technique some further crossmodula¬ 
tion protection can be obtained by using an averag¬ 
ing AGC having a slow attack and release character¬ 
istic. This will clamp CW, a-m, or fm signals (includ¬ 
ing SSB) when they start approaching the crossmod¬ 
ulation level, but will not clamp fully on quicker noise 
pulses. This technique is used quite effectively on 
many h-f ham rigs, but can be difficult to set up pro¬ 
perly (as can be seen by other hf rigs having similar 
noise blankers that don't work). Fortunately, we are 
working with a single band and only a few kinds of 
noise on VHF, so that level setting of the AGC and its 
attack/release characteristic is not as critical. 

I should point out that the reduction of gain which 


prevents crossmodulation of the noise blanker by sig¬ 
nals will also reduce sensitivity to noise pulses so that 
such signals will at some point, in essence, turn off 
the blanker. 

For the NBC translator we use an attenuator in 
front of the i-f amplifier to reduce the overall gain 
(prior to AGC) so that the normal noise floor and ex¬ 
ternal interference are both dropped below COR 
threshold. This also reduces weaker station levels, 
but without some kind of noise blanker those sta¬ 
tions can't be copied anyway. The argument in favor 
of the use of a noise blanker in spite of these techni¬ 
cal problems is that they extend the weak signal 
capability of the LT by 6-12 dB in typical environ¬ 
ments. Mountain-top locations may be quiet 
enough, however, to obviate the need for a blanker. 

A comment on i-f clean-up filters should be inter- 
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jected here. Unlike repeaters whose bandwidth is 
automatically limited by de-emphasis and modulator 
bandwidth, an LT passes all i-f generated noise to the 
output frequency. Since the crystal filter is normally 
placed at the very front of the i-f strip to provide best 
IMD/selectivity performance, it does not limit the 
output of noise from any of the following i-f stages. 
The only selectivity limiting noise output from the i-f 
stages is provided by the interstage transformers and 
tuned circuits. At 10,7 MHz we see a noise band¬ 
width of about 120-250 kHz at the 3 dB points and 
only about 30 dB down at the 500-1000 kHz points. 
Needless to say, this is unacceptable at the output of 
the LT. 

Fig. 11 illustrates several ways to improve this situ¬ 
ation. The best (and most expensive) is to use an in¬ 
put and output filter on each i-f so that the noise out¬ 
put is essentially limited to the bandwidth of each i-f. 
A good compromise, though not best in terms of 
adjacent-channel and front-end and IM considera¬ 
tions, is to use a single filter as wide as all i-fs com¬ 
bined in front of the first couple of i-f stages, then 
split (or convert) the signal to individual i-f amplifiers 


each having individual filters. This controls the chan¬ 
nel to channel IMD and noise outputs. Only noise 
from active channels can reach the upconverter and 
PA stages. Additionally, IMD products created in the 
first i-f will not spill over into the second i-f, and the 
output clean-up filter of i-f number 1 will not allow 
IMD products outside of its passband to be passed to 
the upconverter. 

In areas of high signal congestion, better selectivi¬ 
ty at the input may be more desirable. In this case, fil¬ 
ters are placed at the input of each i-f with one clean¬ 
up filter at the output-combining point of the system. 
This causes broader i-f noise and IMD output and 
loses some of the advantages of shutting off unused 
i-fs to reduce output bandwidth. 

Last, unlike fm repeaters, an LT will likely see posi¬ 
tive feedback or regeneration when there is insuffi¬ 
cient TX/RX isolation because of poor shielding, fil¬ 
tering, or inadequate duplexers. This shows up as 
what most people would term distortion, though it is 
really regeneration or noise pumping. Oscillations 
can also occur. Squelch and COR setting can also be 
aggravated as can the ratio of AGC to noise floor. 
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summary 

Current exploration of narrowband modes by the 
FCC, coupled with our understanding of the band¬ 
width, DX, and multipath advantages of SSB, now 
make the time right for hams, as the most experi¬ 
enced users of VHF/UHF SSB, to contribute once 
more to experimentation and expansion of the state- 
of-the-art. Building an LT is, at least, challenging, 
and, at most, could help develop a new technology. 

I would be happy to assist anyone wishing to build 
an LT. For a complete set of schematics of the NBC 
LT, send $1.50 and a large SASE directly to me. I'll 
also respond to questions; just enclose an SASE with 
all inquiries. 

notes 

(a) FCC practice in fm and TV broadcasting is to give the name 
"translators" to stations that receive signals and change them to another 
frequency to extend coverage. AMSAT and many satellite agencies tend to 
use the term "transponder." My feeling is that after many years of such use 

specifically coded signal when interrogated by a radar pulse; a "translator" 
merely translates, with no other modification or detection, an incoming 


California and provides 50watts ERP at 144.52/145.12 MHz in keeping with 

by writing Neil Lewis, WB6VIV, 8119 Phaeton Drive, Oakland, California 
94605. For specific technical information, contact the author. (SASE re- 


Ic) This machine was taken off the air in 1981 for modifications and has 
been overhauled to act as a development LT for Project OSCAR'S SYN- 
CART satellite project. It should be back on the air by the time this is 
published, with input at 1296.3 MHz and 145.7 MHz with output at 435.415 
MHz. Inquiries concerning it should be addressed to Project OSCAR, c/o 
the author at his home address. (SASE required.) 

(d) Fm receiver selectivity = 18 kHz. typical SSB receiver selectivity = 2.4 
kHz. typical SNR improvement (SSB over fm) = 10 log 18/2.4 = 9dB. 

fml coupled with the additional 6 to 18 dB SNR improvement given by use 
of ACSB. This offsets most, if not all. of fm's noise-limiting capability. 

(f) Sensitivity improvement = 10 log 20/10 = 3dB. 

(g) This proposal has been reworked recently by AMSAT Canada and Pro¬ 
ject OSCAR. The original host launch was cancelled due to delays in the 
Space Shuttle program. Two possible upcoming launches will not allow 
time for a SYNCART-style transponder to be developed. Work continues, 
however, on SYNCART development for possible later launches. 

(hi This section, although describing an LT design, can be used to improve 
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a fail-safe 

amplifier power supply 


An improved method 
of providing dc voltages 
to GaAs FET amplifiers 

It has long been recognized that certain semicon¬ 
ductor devices require a pair of voltages of opposite 
polarity for proper operation. Amateurs have begun 
using one of these devices, the gallium-arsenide 
field-effect transistor (GaAs FET), in low-noise pre¬ 
amplifiers on the bands above 100 MHz. But the (N- 
channel) GaAs FET requires that a negative voltage 
always be present between its gate and source leads 
whenever a positive voltage is present between the 
drain and source leads of the same device. Failure to 
provide the negative gate-source voltage (— V gs ) be¬ 
fore the positive drain voltage ( + Vd S ) is provided 
leads to the destruction of the device. 

single dc lead 

The problem of providing gate-source bias voltage 
at a time no later than the drain-source voltage is pro¬ 
vided, is rather easily solved if both positive and neg¬ 


ative voltages are available for the amplifier. How¬ 
ever, because full advantage of the low noise-figure 
of a GaAs FET preamplifier is obtained only if the am¬ 
plifier is mounted at the antenna feed, it is often un¬ 
desirable to provide three dc wires (+ voltage, - 
voltage, and ground) to the antenna-mounted pre¬ 
amplifier. A preamplifier can be operated with a sin¬ 
gle positive voltage if some form of self-biasing con¬ 
figuration is used. Typically, self-bias is provided by a 
resistor from the device source lead to ground; how¬ 
ever, a very low-loss bypass capacitor must parallel 
the source resistor to effectively place the device 
source lead at rf ground potential. The bypass capac¬ 
itor is generally of the chip capacitor type, and may 
often be self-resonant at the Amateur band of inter¬ 
est. 1 However, as the frequency of use is increased 
to beyond about 3 GHz, even the best available by¬ 
pass capacitors add undesired reactance; the GaAs 
FET device is best operated with the source lead con¬ 
nected directly to the circuit ground. When this con¬ 
nection is made, the pair of opposite-polarity volt¬ 
ages are again required, and the problems of power 
supply sequencing and number of supply wires are 
again encountered. Because it is very desirable to 
provide a single voltage, generally of positive polari- 

By Geoffrey H. Krauss, WA2GFP, 16 Riviera 
Drive, Latham, New York 12110 
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ty, along the inner conductor of the coaxial cable to 
the preamplifier output, with the coaxial cable outer 
shield providing its normal ground connection, some 
form of power supply at the preamplifier is neces¬ 
sary to provide both polarities of voltage in proper 
sequence. 

My fail-safe power supply (fig. 1) was developed 
to solve this problem (and was subsequently found 
to be novel enough to be granted a patent in the 
United States). It is, in some ways, very much similar 
to the power supply described by Norman Foot, 
WA9HUV, in an earlier issue of this magazine. 2 My 
patented circuit has several features worth consider¬ 
ation by anyone planning to power a GaAs FET pre¬ 
amplifier from a single polarity voltage supply. 

GaAs requirements 

Consider first the voltage and current requirements 
of a typical (low-noise) GaAs FET device: V gs usually 
must never exceed -6 volts, at a very small current 
(generally less than 1 microampere); Vd S is generally 
about +3 volts at about 10 milliamperes in operation 
and must generally never exceed + 6 volts or a maxi¬ 
mum current of 50-100 milliamperes. It is important 
to reduce the supply voltage to a voltage no greater 
than the 6-volt maximum voltage, as soon as possi¬ 
ble in any proposed power supply. This maximum 
voltage V max is provided by an input polarity regula¬ 
tor, utilizing a 78L05 integrated circuit. The input po¬ 
larity regulator is itself protected from receiving an in¬ 
put voltage of improper polarity by the use of a so- 
called "idiot diode", CRi- An input capacitor, Ci, is 
used to prevent input voltage surges when the power 
supply is in the presence of a larger rf field (as may 
occur with the power supply at the antenna). The in¬ 
put polarity regulator device Ui is suitably bypassed 


and is protected from reverse voltages, during 
power-down, by diode CR2. The net result is a posi¬ 
tive voltage at test point TP1 which is less than the 
maximum safe drain voltage, provided at a very early 
point in the power supply, and protected against 
both reverse-polarity and overvoltage faults by di¬ 
odes CRi and CR2- 

The positive voltage is converted to a negative 
voltage in a polarity converter using a relatively new 
integrated circuit, U2, the ICL7660from Intersil, Inc. 
The ICL7660 requires only two associated compo¬ 
nents, the pair of 10 /tF capacitors C4 and C5, in order 
to generate a negative voltage at test point TP2 of 
about -4.5 volts. While I have tried the polarity con¬ 
verter circuit using a 555 timer integrated circuit, as 
suggested by WA9HUV (and the 555 timer circuit 
does work as intended), the three-component circuit 
of fig. 2 is somewhat simpler, more compact, and 
more reliable. The negative output voltage is of al¬ 
most the same magnitude as the positive input volt¬ 
age and requires neither a voltage doubler nor opera¬ 
ting voltages greater than the maximum voltage of 
the GaAs FET, a preferred feature in case of compo¬ 
nent failure in the polarity converter. 

Because the amplifier noise figure and, to a some¬ 
what lesser extent, the amplifier gain are directly 
related to the device drain current Id (set by the gate 
voltage V^), the converted-polarity voltage must be 
highly regulated. The converted polarity regulator 
uses a series resistor, R 1( and a zener diode, CR4, to 
provide this regulated voltage; -3.3 Vdc is provided 
at test point TP3. The zener diode CR4 also prevents 
a positive voltage from ever appearing at the device 
gate. CR4 is shunted by filter capacitor C6 to remove 
any noise components generated by the zener. The 
regulated negative voltage appears across potenti- 


September 1983 Q3 33 









ometer R2, which is adjusted to set the amplifier 
device voltage - V gs . 

failure mode protection 

The input-regulated voltage V max and the convert- 
ed-polarity regulated voltage at test point TP3 are 
used in an original-polarity fail-safe voltage generator 
subcircuit to provide a positive voltage for the ampli¬ 
fier device drain circuit only if the negative amplifier 
device gate voltage is present. Reason dictates that a 
switch, transistor Q 1( is open until the negative volt¬ 
age at TP3 is present; that is, when the Q1-Q3 circuit 
of fig. 2 fails in an open condition, with voltage and 
current not supplied to the subsequent original-polar¬ 
ity regulator subcircuit, which uses zener diode CRg. 
Compare this approach to that of the crowbar/regu- 
lator U2 circuit discussed in WA9HUV's article, in 
which failure of the crowbar circuit no longer reduces 
positive regulator U2 input and thereby allows posi¬ 
tive drain voltage to continue to be supplied to the 
amplifier device. My original-polarity fail-safe genera¬ 
tor uses a Schmitt-trigger circuit {transistors Q2 and 
Q3, zener diode CR 5 and resistors R 5 -Rs). The 
switching input voltage of the trigger is determined 
by the setting of potentiometer R9, and operates as 
follows: if the proper -3.3 Vdc is present at TP3, 


then the voltage at trigger input test point TP5 can be 
adjusted to be sufficiently close to the zener voltage 
of diode CR5, so that transistor Q3 is cut off. The 
voltage at the base of transistor Q 2 is then greater 
than the voltage across zener diode CR5, and transis¬ 
tor Q 2 is saturated, turning on transistor Qi and al¬ 
lowing a current, set by resistor R4, to flow into zener 
diode CR6- This provides a regulated +3.3 volts at 
positive regulator test point TP6. If the negative volt¬ 
age at test point TP3 decreases, for any reason, by 
an amount determined by the setting of potentiome¬ 
ter R 9 , the voltage at test point TP5 increases (be¬ 
comes more positive) by an amount adjusted to raise 
the base of transistor Q3 above the voltage of zener 
diode CR5. Transistor Q3 switches into saturation 
and transistor Q2 switches into the cut-off condition, 
cutting off current flow through transistor Qi and 
reducing the voltage at positive regulator test point 
TP6 toward zero. 

Resistor Ri can be selected, in the 100-500 ohm 
range, to cause one of two results to occur when the 
fault condition causing the negative regulator test 
point TP3 voltage to be less than the design value is 
cleared. For lower values of resistor Ri, clearing of a 
fault (such as a short across zener diode CR4) causes 
the trigger to reset and the circuit to return to normal 
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operating condition. For higher values of resistor Ri, 
clearing of a fault and return of the TP3 voltage to 
about -3.3 Vdc can cause the positive drain voltage 
to remain at about 0 volts until the main input power 
is removed and reapplied. This latter condition, 
somewhat dependent upon the setting of potentiom¬ 
eter R g , is observable if the total current into the 
power supply is monitored. It can be useful in provid¬ 
ing an automatic fault alarm, even while the device is 
being protected by the application of a safe negative 
V gs and simultaneous removal of Vd S . 

The amplifier device drain voltage V^s is set by po¬ 
tentiometer Rii in conjunction with fixed resistor 
Rl2- Typically, the drain voltage Vd S has an effect 
upon the amplifier noise figure and gain, although 
this effect is somewhat less than the effect of varying 
the device drain current, which is varied by adjust¬ 
ment of the gate voltage - V gs at potentiometer R2. 

One problem which will be encountered, but was 
not addressed in WA9HUV's article, is the possibility 
of voltage spikes occurring at the oscillation frequen¬ 
cy of the polarity converter subcircuit. These spikes 
are generated by the squarewave switching inherent 
in either the 555 timer or ICL7660 converter integra¬ 
ted circuits. The first step necessary to prevent these 
spikes from showing up at either the amplifier - V gs 


input at test point TPa, or the drain voltage + Vd S in¬ 
put test point TPb, is to build the power supply in a 
separate shielded box mounted next to the preampli¬ 
fier shielded box. The negative and positive voltages 
are then run through short, shielded wires to the pre¬ 
amplifier input feed-through capacitors FT. As a sec¬ 
ond step, the converter "hash" is suppressed by a 
ir-section lowpass filter (Li, Cs and Cg or L2, C12 and 
C13) placed after adjustment potentiometers R2 and 
R11. Ideally, each of the filters should be in its own lit¬ 
tle shielded enclosure within the main power supply 
shield enclosure. 

The additional circuit of diode CR3 and capacitor 
C7 is an added protective measure. During normal 
operation the voltage drop across diode CR3 will pro¬ 
vide a maximum gate voltage of slightly less negative 
magnitude than the zener voltage of diode CR4. The 
voltage drop across diode CR3 is substantially 
constant and the initial setting adjustment of poten¬ 
tiometer R2 takes this voltage drop into account. 
However, during power supply turn-off, under either 
normal operation or because of a decrease in the 
voltage at TP3, the previously-charged storage 
capacitor, C7, maintains a sufficiently negative volt¬ 
age at the gate output to prevent destruction of the 
protected device while the voltage at the drain con¬ 
nection rapidly falls to zero. Typically, drain voltage 
will fall to zero in under ten milliseconds, while the 
voltage at gate test point TP4 requires about one sec¬ 
ond to fall to zero magnitude, providing an additional 
degree of GaAs FET protection. 

circuit test 

The circuit test should be carried out before the 
power supply is connected to the companion pream¬ 
plifier. A dc load resistor, R[_, is connected to ap¬ 
proximate the desired amplifier device drain load. For 
a typical 3.0 Vdc drain voltage at a typical 10 milliam- 
pere drain current. R|_ is a 300 ohm, 1/8-watt resis¬ 
tor. Since the amplifier device gate electrode does 
not draw any appreciable current, the gate end of 
series-protection resistor R3 is left open. 

Apply a positive voltage in the 8 to 15-volt dc range 
to the power supply input and check for the follow¬ 
ing voltages, using a voltmeter with at least 20K ohm 
resistance (all voltages are ± 10 percent): +5.0 Vdc 
at TP1; about -4.5 Vdc at TP2; and -3.3 Vdc at 
TP3. The voltages at TP4 and TPa should be variable 
from zero to about -2.8 Vdc, which is less than the 
voltage at TP3 because of the drop in diode CR3. 

The positive-polarity portion of the power supply is 
tested by adjusting potentiometer Rg until a 3.3-volt 
dc level appears at TP6. The operation of the fail-safe 
generator subcircuit is tested by temporarily placing 
a short circuit from TP3 to ground and noting that 
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the voltage at TP6 falls to zero. Some adjustment of 
potentiometer Rg, while monitoring the TP5 voltage, 
may be required to obtain the proper operation of the 
trigger circuit. Potentiometer Rn is then adjusted for 
the desired target drain voltage at TPb, with the 
dummy drain resistance, R[_, connected. 

As a final check before connecting the power sup¬ 
ply to the amplifier, monitor the TPa and TPb volt¬ 
ages with an oscilloscope (preferably starting at one 
volt per division and working down to the greatest 
sensitivity possible) and look for spikes in the kHz 
repetition frequency range. If such spikes should be 
found, increased values of the lowpass filter com¬ 
ponents may be necessary. 

applications 

The fail-safe preamplifier power supply has been 
used with, among other circuits, a ir-network in¬ 
put/output preamplifier for 1296 MHz. 3 A number of 
different GaAs FET devices were tested; optimum 
noise performance could be obtained by varying the 
potentiometers R2 and R11 in a noise-figure measure¬ 
ment test setup. The same devices in the same pre¬ 
amplifiers were also tested with a source-resistance¬ 
biasing scheme; a small but discernable increase in 
noise figure was found above the case where the de¬ 
vice source leads were directly grounded and the fail¬ 
safe power su pply used. 

A very-low-noise receiver was built at 3456 MHz, 
using a simple single-balanced mixer 4 built on G-10 
printed circuit board stock and garden-variety mixer 
diodes (HP2810). While the use of G-10 board is not 
recommended at this frequency, and resulted in a 
mixer conversion loss of about 13 dB (and a noise fig¬ 
ure estimated at about 15 dB), a two-stage GaAs FET 
preamplifier with 29 dB of gain completely overcame 
the mixer noise. The preamplifier is almost identical 
to a well-known TVRO preamplifier,® with the excep¬ 
tion of an NE21889 device used in the input stage and 
improved input matching through the use of a pair of 
1/8 inch wide by 1/4 inch long copper foil "flapper" 
capacitors. The power supply recommended by the 
manufacturer requires a + 15 volt supply and a -15 
volt supply, in addition to a pair of 747 dual opera¬ 
tional amplifier integrated circuits, a handful of zener 
diodes, and other components. In my receiver, that 
power supply was replaced by a pair of power sup¬ 
plies as shown in fig.2, allowing not only the inde¬ 
pendent setting of the drain voltages of each stage 
(which could not be done with the manufacturer's 
recommended power supply), but also the indepen¬ 
dent setting of the drain current of both stages, to 
provide a preamplifier noise figure of about 1.0 dB at 
the indicated 29 dB gain figure. Application of the 
usual series-stage gain and noise figure formulas will 
show that the overall converter (preamplifier plus 


mixer) gain is about 16 dB, with a total noise figure of 
about 1.1 dB. This illustrates that the poor mixer 
specs are, in fact, overcome by the superior gain of 
the preamplifier. 

conclusion 

A power supply circuit requiring only a single 
polarity of input voltage, yet offering a high degree of 
fail-safe protection for GaAs FET amplifiers — espe¬ 
cially for the microwave Amateur bands — is now 
available. Any questions addressed to the author 
accompanied by an SASE will be answered. 

license grant 

United States patent laws prevent anyone, unless 
specifically licensed by the patent owner, from 
"making, using or selling" any circuit covered by the 
claims of my U S. patent 4,320,447; this includes the 
circuit of fig. 2 as well as the circuit used in reference 
2. The patent owner, being the author of this article, 
therefore expressedly grants a non-assignable license 
to any licensed Amateur Radio operator in the United 
States of America, to make and use the fail-safe 
amplifier power supply covered by the claims of U. S. 
Letters Patent4,320,447 for use with amplifiers oper¬ 
ating only in the authorized U.S. Amateur Radio 
bands and only for Amateur Radio activity. This 
limited license cannot be sub-licensed. Use of the cir¬ 
cuit covered by the claims of Patent 4,320,447 with 
amplifiers operating on non-Amateur bands or for 
non-Amateur use, or the sale of the circuit for any 
use, are all expressedly excluded from this license; 
grants and terms of such licenses can be discussed 
directly with the patent owner. 
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TECHNIQUES ^ 


Just about the time you are reading 
this column, the summer static level 
should be dropping off and the low 
frequency DX bands should be com¬ 
ing back to life. Low frequency DX 
conditions should improve during the 
next few years as the sunspot count 
continues to drop. This means that 
the 160 meter band will be a good 
performer for a number of years. 
Some Amateurs have stuck to 160 
meters, year in and year out, but 
many of the newer Amateurs are not 
yet aware of the DX possibilities of 
this band. 

A majority of the new transceivers 
have incorporated the 160 meter 
band and the 1983-84 winter season 
promises to be a good one for this 
venerable Amateur band, with a high 
level of activity. 

the 1983/84 DX season 
on 160 meters 

The number .one DX operator on 
160 meters is Stew Perry, W1BB, 
who has been active in that portion of 
the spectrum since 1920! (See figs. 1 



fig. 1. Stew Perry, W1BB. on the alert for 
160 meter DX in 1920. Transmitter is a 
single tube oscillator, modulated for a-m 
phone. Running 35 watts, Stew quickly 
discovered the thrill of working DX. 



W1BB in 1920. This was a Marconi affair, 
working against a good ground. Even in 
the 1920's, Steve was an old-timer, since 
he'd been licensed since 1912. (He's now 
celebrating his 71st year on the airl) 

and 2.) I asked Stew what he thought 
about the forthcoming season and 
this is what he said: 

While I've not been very active 
recently. I've made a few good con¬ 
tacts this year (4X4NJ-lsrael, 
PYIARS-Brazil, and others). I think 
conditions seem quite sound and feel 
"right" for a good season. In spite of 
some changes, it still is the "gentle¬ 
man's band", where folks are friendly 
and cooperative, without so much 
push and shove! 

By its nature, you're forced to 
work DX the hard way, at all hours of 
the day and night for world cover¬ 


age. Sunset and sunrise (local time) 
are excellent periods, full of good DX 
surprises. 

As far as antennas for the "top 
band," the best receiving and 
transmitting antennas are required 
for top results, but you will be sur¬ 
prised what can be done with a sim¬ 
ple inverted-L Marconi, or a Sloper 
with a good ground system. 

Come on down to 160 and meet 
some fine guys. 

FCC rules and regulations 

A collection of the FCC rules and 
regulations governing ham radio fills 
a thick notebook! Is it all worth the ef¬ 
fort? Let's return again to the simple 
regulations of the Federal Radio 
Commission of 1927 (fig.3). Think of 
how many problems these simple 
rules would solve. As a famous phi¬ 
losopher once said, "I have seen the 
past, and it works!"' 

horizontal versus 
vertical antennas 

I am still getting mail on my com¬ 
ments concerning horizontal versus 
vertical polarization for simple high 
frequency antennas (October, 1982, 
and April, 1983). A recent letter from 
my friend Win Wagener, W6VQD, 
says, in part: 

Too many people discuss the pros 
and cons of polarization without a 
good understanding of what is in¬ 
volved. It is not a simple question of 
which is better, a vertical or a hori¬ 
zontal antenna; but a need to consid¬ 
er the full environment of the anten¬ 
na system. 

Too many articles on the effect of 
the surface of the earth in the vicinity 
of an antenna assume a perfectly 
conducting and flat surface for the 
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Ootober 88 , 1927. 


Supervisors of Radio and Others Concernedt 


For your information and guidance the Federal Radio Commission bas 
established the following regulations governing the licensing and operation 
of amatsur radio stationst 


Amateur radio stations are authorised for communication only with sim¬ 
ilarly lioenaed stations and on wavelengths or frequencies within the follow¬ 
ing bandsi 


Kilocycles 

Ueters 

Kilocycles 

Ueters 


401,000 to 400,000 

0.7477 to 0.7496 

8,000 to 7 000 

87.5 to 

42.8 

64,000 to 66,000 

4.69 to 6.36 

4,000 to 3,600 

76.0 to 

86.7 

16,000 to 14,000 

18.7 to 21.4 

2y000 to 1,500 

150.0 to 

200.0 


and at all times unless interference is caused with other radio services, in 
which event a silent period must be observed between the hours of 81 OO p. m. 
and 10t30 p. m., looal time and on Sundays during local church services. 


Amateur radio telephone 
ing bandst 

Kilocycles 
64,000 to 56,000 
14,500 to 14,000 
2,000 to 1,580 


operation will be permitted only in the follow- 
Ueters 

4.69 to 5.85 
20.68 to 21.4 
150 to 190 


Spark transmitters will not be authorized for amateur use. 


Amateur stations must use circuits loosely coupled to the radiating 
system or devices that will produce equivalent effects to minimise key im¬ 
pacts, harmonios and plate supply modulations. Conductive coupling, even 
though loose, will NOT be permitted, but this restriction shall not apply 
against the employment of transmission line feeder systems to Hertzian 
antennas. 


Amateur stations are not permitted to ocmmunicate with commercial or 
government stations unless authorized by the licensing authority except in 
an emergency or for testing purposes. This restriction does not apply to 
communication with small pleasure oraft such as yaohts and motor boats hold¬ 
ing limited commercial station licenses which may have difficulty in estab¬ 
lishing communication with commercial or government stations. 

Amateur stations are not authorized to broadcast news, musio. lectures, 
sermons or any other form of entertainment. 

No person shall operato an amateur station except under and in accord¬ 
ance with an operator’s license issued to him by the Secretary of Commerce. 


rk Chief, Radio Division. 

fig. 3. Early FCC regulations were simple, straightforward. 
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mathematical calculations. Unless 
the antenna is located above salt 
water (bay, tidal land, or ocean), 
which gives a flat, low-loss surface, 
the real earth is usually quite differ¬ 
ent and does not meet this require- 

Calculations for the radiation in¬ 
tensity at different vertical angles 
from an antenna are based on com¬ 
bining the direct radiation from the 
antenna at a particular wave angle 
with the wave reflected from the 
ground. Wave reflection takes place 
at a distance from the antenna which 
varies with the particular angle of 
elevation being studied. For a high 
angle the reflection area is near the 
antenna, but for low angles the area 
of reflection is more remote, and for 
nearzero takeoff, that area is many 
wavelengths from the antenna. 

For vertical polarization at low 


angles, the absorption of energy by 
the earth increases with ground loss 
for some distance from the antenna. 
There is considerably less ground 
loss upon reflection when antenna 
polarization is horizontal. 

In addition to the need in real life 
to consider the effect of ground loss, 
the surface of the earth is often not 
flat, but hilly out to a thousand feet 
or so from an antenna. This must be 
taken into consideration. If, for in¬ 
stance, the radiation from an anten¬ 
na system fifty feet above a flat sur¬ 
face is desired at an angle of five 
degrees elevation, the earth surface 
involved in the reflection area is five 
hundred to six hundred feet away 
from the antenna. If the ground 
slopes away from the antenna, the 
reflection area is closer and if the 
ground rises, the area is further 


In my case, near the top of a ridge 
with thin topsoil and shale below, 
slopers and phased verticals seemed 
always below the performance of a 
halfwave horizontal antenna. 

Win brings up a good point. Anten¬ 
na reflection drawings in handbooks 
and articles are comforting, but they 
assume a perfectly conducting 
ground surface. In actuality, the "lay 
of the land" within five hundred feet, 
or more, of your antenna determines 
the actual reflection pattern. 

Many Amateurs, surrounded by 
other people's houses, telephone and 
utility wires, and television antennas, 
can only guess at the angle of takeoff 
of their signal as the reflecting ground 
surface is obscured. So don't take 
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fig. 4. The unusual 2 meter Yagi beam designed by G6AFJ. Note that the driven element is folded back upon itself at the tips. 
Does this provide a good match for the SO ohm transmission line? Try it and see! (Dimensions are in millimeters.) Illustration 
from Practicah Wireless, 
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the patterns seriously. In most cases, 
the higher the antenna, the better the 
DX results. And that's probably due 
less to the reflection angle of takeoff 
than to elevating the antenna above 
nearby conducting structures! 

the G6AFJ beam antenna 
for 2 meters 

Is someone pulling my leg? Or does 
it really work? (See fig.4.) This is re¬ 
produced from the February issue of 
Practical Wireless, a well-known Brit¬ 
ish publication. (Antenna dimensions 
are given in millimeters.) The note¬ 
worthy aspect of this three-element 
Yagi for 144 MHz is the unusual 
driven element, with its tips folded 
back upon themselves, presumably 
to provide a match to the 50-ohm 
line. G6AFJ says "the antenna can be 
tuned by altering the position of the 
bends in the folded elements to vary 
the gap." 

The driven element is made of "car 
brake pipe," a substance that is un¬ 
known to me, but I would assume 
that it is thin-wall copper tubing. It 
appears to be about 3/16 of an inch 
(5 mm) in diameter. 

In any event, the antenna is simple 
to make, and if any readers try out 
the idea. I'd like to hear about the 
results. 

inexpensive station clock 

Would you like a small, accurate 
station clock that you can set to 
WWV and buy for less than $15.00? I 
found one at my local hardware 
store. (I also found the same item for 
sale in several drug stores.) I am talk¬ 
ing about the Timex model 5204-412 
digital clock that sells for $9 to 
$14. This compact clock has a 
large red LED display of hours and 
minutes, plus an indicator of "a.m." 
and "p.m." It also has an alarm which 
is handy for keeping to schedules. 

The instruction manual tells every¬ 
thing about the clock except how to 
set it to WWV, so the "minute" LED 
advances exactly on the proper 
WWV time-tick. Once you know how 
to do it (and I found out by experi¬ 
mentation), it is easy to lock the clock 
within a second of WWV. Here's the 


trick. Advancement of time as shown 
on the "minute" LED is performed 
when the clock is turned on. For 
some obscure reason (don't ask me 
why) there is a built-in 30 second 
time-shift in the clock. The trick is to 
plug the clock into your power recep¬ 
tacle exactly 30 seconds after a WWV 
minute tone. If you do this, then 
when you set the clock to WWV the 
LED will advance exactly on the min¬ 
ute tone of WWV. Once you accom¬ 
plish this simple feat, the little clock 
runs right along with WWV UCT 
time. 

the G5RV "all band" 
antenna 

Have you ever noticed the antenna 
description on an overseas QSL card 
was the "G5RV antenna?" Little- 
known in W-land, the G5RV is a pop¬ 
ular multiband wire antenna used by 
many overseas operators. Popular¬ 
ized by Louis Varney, G5RV, the 
basic antenna is shown in fig. 5. 

A 102 foot long flat-top is used, fed 
at the center with a length of open 
wire transmission line. The antenna 
operates as a shortened dipole on 80 
meters, an extended dipole on 40 me¬ 
ters, nearly three 1 12 wavelengths on 
20 meters, and as a center-fed long 
wire on 15 and 10 meters. 

There are many methods of feed¬ 
ing the G5RV antenna. The original 


design uses an open wire stub plus a 
length of coaxial line. An antenna 
tuning unit is used in the station, as 
the SWR on the coaxial line can be 
quite high at certain frequencies. 

A second feed system is to extend 
the open wire line directly into the 
station, and use a balanced antenna 
tuner at this point. 

The G5RV feeders can be connec¬ 
ted in parallel at the bottom of the 
stub and the antenna operated 
against ground as a top-loaded verti¬ 
cal on 160 meters. Some hams have 
even used it on 6 and 2 meters by us¬ 
ing a VHF antenna matching unit at 
the station! 

My preference is to run open wire 
line from the antenna directly to an 
antenna tuner in the station. (Saxton 
makes heavy-duty open wire line, I 
believe.) For low power (a hundred 
watts or so), TV-type twin lead may 
be substituted for the open wire line. 

moonbounce revisited 

The popular brochure "All You 
Want to Know About Moonbounce 
(EME) Transmission" has been 
reprinted and is once again available. 
If you wish a copy, send four 20C 
stamps, or four IRCs, to me at the 
following address: Eimac Division of 
Varian, 301 Industrial Way, San 
Carlos, California 94070. 

ham radio 
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rf synthesizers 

for hf communications: 
part 2 


Understanding the 
phase-locked loop 

Part one described the functional blocks of a PLL 
synthesizer and loop operation and presented a sim¬ 
ple approach to PLL synthesizer design. This part de¬ 
tails the loop components with an analysis that 
points out aspects critical to an understanding of the 
loop. The open loop performance is then examined in 
terms of its individual sections which leads to a com¬ 
parison of open and closed loop operation. Finally, 
phase noise basics are discussed, showing the ef¬ 
fects of a PLL on closed loop VCO phase noise. 

VCO operation 

VCO gain defined by Ky C o = 4/Vco/AP{, indi¬ 
cates the dependency of VCO frequency on a tune or 
control voltage. However, a VCO when used in a 
phase locked loop incorporates a phase not a fre¬ 
quency detector. Therefore the effect of AV t on VCO 
phase, relative to the reference oscillator phase 
(fREF>. is seen as a system integration. 

Fig. 1A shows a perfectly stable reference oscilla¬ 
tor at a frequency of fp^F< and a VCO that has a 
Kvco = i MHz/volt. The phase detector is a perfect 



phase detector with an input range of zero degrees to 

infinity and a K+ = iq degrees ' ** * REF and * vC0 

equal exactly 5 MHz, and are in phase, then the 
phase detector output will be 0 volts. 

At t = 0 a plus 1 volt applied to the VCO tune line 
causes an instantaneous 1 MHz jump in VCO fre¬ 
quency. 100 nanoseconds after voltage is applied the 
phase difference between fREF and fvco i s: 

8 = 360° t(A f) 

8 = 360° (100ns)(l MHz) = 36° 

At 1 /ts, 9 = 360°, at 10 ^s it becomes 3600°, or in 
other words, a linear accumulation in phase differ¬ 
ence. The output of the phase detector is a ramp go¬ 
ing from zero volts towards infinity, as shown in fig. 
2A. The VCO can be considered a perfect integrator. 



Since 8, and therefore Vpp, are a function of time 
and V t , they must also be a function of signal fre¬ 
quency and amplitude at V t . 

Fig. IB, is similar to fig. 1A except that in fig. IB, 
the tune line is connected to a swept frequency sine- 
wave source with fixed amplitude (in this case 1 volt 
P-P). Plotting the ratio V t /Vpo versus fM ( fig. 2B) 

By Craig Corsetto, WA60AA, 4312 Marlowe 
Drive, San Jose, California 95124 
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shows a 6 dB/octave slope and crosses unity 
(V t - V PD ) at a frequency: 

_ KycpKt 

JB 2r 

c - 0 MHz/volt) • (5.73v/RAD) 
lB 2 -k 

= 912 kHz 

Besides having a frequency response similar to a 
perfect integrator, it also has a constant 90 degree 
phase lag when comparing Vpo to V t . This can be 
seen by using fig. IB and fig. 3. At time A the volt¬ 
age on V t is zero volts (fyco in phase with fREF)- 



Therefore, F Pa = 0 volts. As voltage V t approaches 
+1 volt at time B, fvco becomes greater than fREF so 
the phase difference at the phase detector accumu¬ 
lates causing Vpp to rise. Between time B and C the 
voltage on the VCO tune line decreases, but because 
fvco > s still greater than fREF the accumulated phase 
difference continues to increase, only at a decreasing 
rate. A plot of both Vpq and V t over 360 degrees 
shows that V PD lags V t by 90 degrees. 



open loop properties 

Gain, frequency, and phase are open loop charac¬ 
teristics as shown in fig. 4. The total gain, K t , is 

K t = K^Kyco 

This means that with a phase difference at the input 
of the phase detector (A6 PD ) there is a frequency 
change of the VCO frequency ( Af VC o ), or: 

Kt = x *Kyco = 

Afvco 

Adpj) 

frequency divider 

Adding a frequency divider (fig. 5) with gain term, 
Kn, changes the open loop gain equation to: 

K t = K^KvcoKn 



fig. 5. Open loop with divide by N. 


Plotting K t as a function of f|yi gives a plot similar to 
that of fig. 2B except unity open loop gain occurs 
when: 

Kyco Kff 
fM = 2r 

loop filter 

Because of the more complex gain and phase ver¬ 
sus frequency characteristics of the loop filter, Kp, it 
is examined separately, and then added to the loop. 

Use of a simple loop filter (fig. 6) provides the gain 
and phase plots (fig. 7). Gain equals unity when: 
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f 2 tR1C1 

The phase will lag by 90 degrees from approximately 
fi to f2- 

To have more control over gain and phase, 
another resistor, R2, is added to the loop filter (fig. 
8). The effects of R2 are seen in fig. 9. 

open loop phase 

By adding K F to K^, Kvco K N. (fig. 10) the final 
open loop characteristics are determined. This is ac¬ 
complished by plotting K F and K^, Kvco Kn separate¬ 
ly on log-log paper and then adding the gains in dB 
together (fig. 11). 



The plot of phase shows the additive phase lags of 
both the loop filter and the VCO. Though the phase 
lag from the VCO is constant, the loop filter will start 
to reduce its own phase lag at: 

= 2itR2Cl 

About one decade of frequency past fz the loop 
filter phase lag will be close to zero. 

closing the loop 

Finally, closing the loop gives an essentially flat re¬ 
sponse from dc to frequency fy, which is the fre¬ 
quency where the open loop gain equals unity (fig. 
12). From frequency and higher the closed loop 
gain follows the open loop gain./^ is defined as the 
closed loop3dB bandwidth. 

Since the PLL uses negative feedback, 180 de- 


50 DB September 1983 











grees of constant phase shift is required in the loop. 
This is usually obtained through proper selection of 
phase detector inputs. However, since both the loop 
filter and the VCO introduce phase lag, and if the ac¬ 
cumulated lag becomes 360 degrees before the fre¬ 
quency where unity (open loop) gain occurs,/^, the 
loop will oscillate. Since the phase detector intro¬ 
duces a constant 180 degrees, and the VCO a con¬ 
stant 90 degrees, the loop filter must introduce less 
than 90 degrees phase shift at f@. The closer the loop 
filter comes to 90 degrees the more the loop will be 
inclined to ring to the point where it finally oscillates. 

The distance the total loop phase lag is from 360 
degrees at frequency fa is called phase margin with 
zero being the smallest distance and 90 degrees the 
maximum. The damping factor, £, is related to phase 
margin by: 


phase margin = 90° -tan -1 

The loop natural frequency, «„ (■= 2i r fj, some¬ 
times called the loop resonant frequency, is the fre¬ 
quency the loop would oscillate at if f = 0 (no 
damping). While w n has limited importance in basic 
PLL synthesizer design, it is very important in other 
PLL uses such as PLL demodulators. In this article, 



however, u n is used only as an intermediate answer 
in calculations. 

phase noise 

Phase noise is random phase fluctuations of a sig¬ 
nal. Typically hard to see on an oscilloscope except 
in severe cases, phase noise is more often examined 
on a high-resolution spectrum analyzer as shown in 
fig. 13. Since an identical noise component exists on 
either side of the carrier, usually only a one-sided 
spectrum, SSB, is shown on phase noise plots (fig. 
14). Noise power is usually normalized to a T Hz 
bandwidth. 




Fig. 14 shows a typical noise spectrum of an oscil¬ 
lator. The phase noise will start to rise from the oscil¬ 
lator noise floor at a 20 dB/decade slope at: 


f2 = 


f osc 

2Q 


where Q is the loaded resonator Q of the oscillator. 


•William F. Egan, Frequency Synthesis by Phase Lock, John Wiley 
Sons. 1980, page 46. 
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At small frequency offsets from the carrier the noise 
rises with a 30 dB/decade slope due to additive 1/f 
noise generated by the oscillator active device. 

In high performance receivers not only are synthe¬ 
sizers required to assume crystal-like frequency sta¬ 
bility but crystal-like phase noise performances as 
well. PLL frequency synthesizers have the unique 
ability to improve oscillator (LC, RC, etc.) phase 
noise performance approaching that of the reference 
oscillator (typically crystal). 



log OFFSET FFEOUENCT 


fig. 15. SS6 phase noise plot comparing closed and 
open loop VCO phase noise and the effect of N. 


Fig. 15 shows an open loop phase noise plot of a 
VCO. Also shown is what might be the phase noise 
of a crystal controlled reference oscillator. When the 
VCO is incorporated in a PLL and the loop is closed 
the VCO achieves improved phase noise perform¬ 
ance within the bandwidth of the loop, and assumes 
its normal open loop phase noise response outside 
the loop bandwidth. However, the phase noise 
within the loop bandwidth is largely determined by 
the value of N and the phase noise of fR£p. This can 
be illustrated by a simple loop where the divider 
equals one, and the reference oscillator suddenly in¬ 
curs a short term shift in frequency (phase noise). 
The phase detector senses this and generates a volt¬ 
age to adjust the VCO frequency to the new refer¬ 
ence oscillator frequency. 

When the programable divider value, N, is greater 
than one, then in order for the phase detector to see 
zero phase difference at its inputs, after the same 
short term shift in fREF, the VCO must change to a 
frequency N times the change in fREF- Therefore the 
effect of N on VCO phase noise, within the loop 
bandwidth, is to multiply it by N, showing up on 
phase noise plot as a 20 log N more phase noise than 
the reference oscillator. This effect of N on phase 


noise can be a determining factor when selecting the 
optimum loop bandwidth (see fig. 15). 

Often in medium performance receivers it is accep¬ 
table just to have the local oscillators meet the phase 
noise performance of the VCO. It happens that this 
can simplify the synthesizer design, allowing N to be 
large and fg small for optimum phase noise perform¬ 
ance, instead of using a more complex design in 
order to keep N small and loop bandwidth wide for 
improved phase noise performance. Problems en¬ 
countered in using the simpler loop is an increase in 
lock time (due to the narrower loop bandwidth! and 
increasing difficulty in reducing reference feed¬ 
through due to fg approaching fREF- 

For increased synthesizer phase noise perform¬ 
ance without too high a lock time and reference feed¬ 
through, a more complex loop structure is required. 
Figs. 17-19 show more complex loops, with the sim¬ 
ple loop in fig. 16 as a reference, while fig. 20 plots 
their approximate relative phase noise performance. 

The loop in fig. 17 requires closer attention. This 
loop used in-loop mixing to reduce the required size 
of N. With N reduced the phase noise within the loop 
bandwidth decreases and the optimum value of loop 
bandwidth increases, decreasing lock time. More im¬ 
portantly, the local oscillator used in the in-loop mix- 
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ing can be a VFO, VCO, VCXO, or even another syn¬ 
thesizer (fig. 19) for finer frequency steps. Some 
Amateur radio transceivers use this technique by let¬ 


ting the synthesizer step in 1 kHz increments by 
changing N and then step in 100 Hz increments by 
tuning the VCXO local oscillator using a DAC (Digital 
to Analog Converter). 

VCO phase noise and Kvco 

In real synthesizers the phase noise is more than 
expected due to additive noise generated by both ac¬ 



tive and passive devices modulating the VCO. There¬ 
fore, for best performance, choose the components 
used in the synthesizer wisely, especially those in and 
around the VCO and loop filter. 

The effects of noise and spurious signals on the 
VCO tune line can be approximated if the modulation 
index caused by these is known to be small. 


P n * 


20 log 


2sf2 V t K VC o 
8-k/m 


where P n = SSB noise power in a 1 Hz bandwidth, 
or spur power, in dBc 


V t = RMS noise, or signal voltage on VCO 
tune line 


fu = frequency of noise or signal on VCO 
tune line 


For example a VCO with a K VC o = 628.3 (10 } ) has 
100 fiv (RMS) of spurious signal at 1 kHz on its VCO 
tune line. This spurious signal appears as 1 kHz side¬ 
bands with a sideband spur power of: 

P = 20 log 2yf2 (100 gv) 628 (IQ}) 

” Sir (1 kHz) 

or - 43 dBc. 
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frequency division 
and phase noise 

External to the phase locked loop, synthesizer 
phase noise can be reduced through the use of fre¬ 
quency division by 20 log N if a reduction of frequen¬ 
cy by N is acceptable. This is quite common in com¬ 
mercial synthesizers and is shown in figs. 18 and 19. 

As is always the case, using this technique to re¬ 
duce phase noise has its limits, in this case the noise 
floor of the digital divider. 

For MOS, TTL, and ECL devices, the noise floors 
are typically -120 to -140 dBc VRz, MOS devices 
having poorer noise performance than TTL and ECL. 

In the third and final part of this series, two techni¬ 
ques for designing a 5.000-5.500 MHz synthesizer — 
as well as trade-offs common in PLL design circuits 
— will be discussed. 
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10-GHz weather radar 


A unique application 
fora 

Gunnplexer transceiver 

Commercial weather radar systems have be¬ 
come quite popular in recent years and have proven 
their true life-saving ability. And over and above their 
use during dangerous storms, they have now be¬ 
come almost a part of our daily lives. The only draw¬ 
backs to these commercial radar systems are their in¬ 
ability to scan a small area (such as an individual's 
neighborhood), and the fact that commercial radar 
scans are generally made available only at fixed 
times. 

To overcome these limitations, I have designed a 
mini weather radar system which is both inexpensive 
and easy to build. A short scanning range was my 
only criterion. Guidelines are provided for those inter¬ 
ested in pursuing and refining this unique concept. 

This mini weather radar is based on two simple 
facts: a radio signal travels one mile in 5.4 microsec¬ 
onds; and an electron beam can be timed to travel 
across a CRT's screen at a predetermined rate. If a 
radio wave leaves a transmitting antenna at the same 
time that a horizontal line begins on the left side of a 


CRT display, that radio wave will travel approximate¬ 
ly 12.1 miles in the 63 microseconds it typically takes 
for one scan of a horizontal line in conventional TV. 

operation 

The first version of this unit is shown in fig. 1. An 
oscilloscope with horizontal trigger output is used 
with a 10-GHz Gunnplexer, an NE555 pulse modulat¬ 
ing circuit, and a high gain amplifier to produce a dis- 
tance-and-azimuth Amateur weather radar. The 
Gunnplexer's mixer uses the unit's constantly trans¬ 
mitted signal for a local oscillator, eliminating the 
need for a T/R device. A horizontal scan-initiating 
sync pulse from the oscilloscope's horizontal trigger 
output is used to key the NE555 oscillator, which be¬ 
comes the modulating signal for the Gunnplexer's 
varactor input. 

The Gunnplexer transmits its signal toward a dis¬ 
tant object, such as heavy storm clouds, and its re¬ 
flection is then received. The return signal hetero¬ 
dynes in the Gunnplexer's mixer, the output of which 
drives a high-gain amplifier. The amplified echoes are 
then fed to the oscilloscope's vertical input for dis¬ 
play. Since the scan started during the pulse-trans- 
mission time, its round-trip delay time is indicated in 
f ig. 2 as displacement on the screen. 

The Gunnplexer's modulating frequency should be 
between 200 kHz and 1 MHz. This frequency deter- 

By Dave Ingram, K4TWJ, Route 11, Box 499 
#1201 South, Birmingham, Alabama 35210 
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mines the exact pulse width. Using the formula F = 
1/T, a 200-kHz modulating frequency translates into 
approximately 5 microseconds: approximately one 
mile on the screen's display. A 1-MHz modulating 
signal encompasses approximately 1 microsecond 
(1/5 mile) on the screen. Although the Gunnplexer 
transmits a carrier continuously, only the brief modu¬ 
lating pulse causes indications on the CRT display. 
This unit will provide distance indications and infor¬ 
mation on the density of rain clouds, but it does not 
provide information on the direction of storm clouds. 
This shortcoming does not usually pose a problem. 

refinements 

The second version of this weather radar uses an 
NE555 triangular wave generator and adds a modi¬ 
fied oscillating house fan motor to make possible di¬ 
rectional (azimuthal) readings. An outline of this 
arrangement is shown in fig. 3. The fan motor 
causes side-to-side movement of the remote Gunn¬ 
plexer, while a microswitch at one end of the sweep 
provides synchronizing pulses for the NE555. The 
output from the triangular wave circuit is applied to 
the oscilloscope's vertical input; the high-gain ampli¬ 
fier's output is applied to the intensity (Z) input of the 
oscilloscope. The oscilloscope is adjusted for a dark 
screen until an intensity-modulating echo is received. 
Range markers can be added to this system with an¬ 
other NE555 circuit, or can simply be drawn on the 
screen with a washable-ink felt pen. I also suggest 


that you replace the oscilloscope's P-1 phosphor 
cathode ray tube with a long-persistence-display P-7 
equivalent tube. 

During operation, horizontal sweep pulses from 
the oscilloscope trigger the NE555 modulation cir¬ 
cuit, while vertical sweep is provided by the fan- 
motor-synchronized triangular wave generator. The 
Gunnplexer transmits a 200-kHz-modulated 10-GHz 
signal which is reflected according to cloud density 
and displayed on the screen. Horizontal displace¬ 
ment on the CRT indicates distance, and vertical 
height (with respect to the base line) indicates di¬ 
rection. 

The received echoes are heterodyned with the 
Gunnplexer's carrier, amplified, and applied to either 
the oscilloscope's Z modulation port or vertical input 
(depending on the particular version of weather radar 
you build). Although a low-power 10-GHz Gunnplexer 
can transmit and receive over line-of-sight distances 
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in excess of 20 miles, I suggest that you limit its 
range in this application to less than 12 miles (a num¬ 
ber chosen because of the oscilloscope's horizontal 
scan rate and the frequency of the Gunnplexer's 
modulator). This safety margin ensures reliable oper¬ 
ation and permits accurate interpretation of the dis¬ 
played information. 

a third mini radar 

A third version of the mini weather radar is being 
developed now, and its capabilities look promising. 
This system employs a used black-and-white TV set 
rather than an oscilloscope, using the TV circuits to 
generate precisely timed transmitter pulses and to 
display the reflected signals. Since the set's tuner 
and i-f stages are bypassed, with the radar informa¬ 
tion applied directly to the video amplifier section, 
usable TVs could be picked up inexpensively at TV 
repair shops. 

An outline of the system is illustrated in fig. 4. Nar¬ 
row-width (and highly accurate) horizontal AFC 
pulses obtained from one of the low-voltage wind¬ 
ings on the TV's horizontal output transformer trig¬ 
ger the Gunnplexer's NE555 modulator. This 
arrangement establishes radar timing while maintain¬ 
ing horizontal line sync in the television. A single¬ 
shot multivibrator or Schmitt trigger proves useful 
for buffering flyback pulses. Alternatively, a drop¬ 
ping resistor may be placed in the keyed AGC line for 
lowering that voltage to approximately 5 volts. A 
schematic diagram of the TV is needed for locating 
the keyed AGC line and determining its voltage level 
(don't "hunt around" in the horizontal output sec¬ 
tion: HIGH VOLTAGE!). The desired modulator-key¬ 
ing line is usually found connected to the AFC's dis¬ 
criminator diodes. You will also see a "second line" 
carrying sync pulses from the sync separator stage in 
the AFC's discriminator. That guidepost will help you 
locate the desired AGC keying takeoff point. 

Output from the Gunnplexer's modulator is applied 
to that unit's varactor. The returned echoes are am¬ 
plified to approximately 4 volts by a wideband ampli¬ 
fier similar to a single video stage in a television set, 
and applied to the TV's video amplifier section (a 
suitable injection point for this signal is quite often 
between the contrast control wiper and ground. If an 
ac/dc TV is used, be sure this point is not hot). The 
resultant echoes are displayed as intensity variations 
on the screen, with distance and timing calibrations 
provided by techniques similar to those in the second 
unit, described earlier. The next step in this system's 
development will include electronically sweeping the 
10-GHz radar signal in sync with the TV's 60-Hz verti¬ 
cal scan rate. An illustration of the resultant display is 
seen in fig. 5. 

A fourth generation Amateur weather radar is 
presently on the drawing board, and this version 



fig. 4. The third-version Amateur weather radar uses a 
modified television set for timing and display of target 
information. 



holds some truly exciting possibilities. Basically, this 
system employs an inexpensive home computer, 
such as the Apple II or TRS 80C, for generating all 
the required timing pulses and for creating a color- 
level display similar to that of commercial units. 
Since these microcomputers are easily programmed 
for various timing ranges and color presentations, 
they are quite useful for Amateur radar work. The in¬ 
tegration of A-to-D and D-to-A converters in these 
units makes computer interfacing relatively simple. 

Alden Electronics (Washington Street, Westborough, Massachusetts 
01581) manufactures a weather chart recorder (Model 9321), available in 
assembled or kit form, that displays data generated by NO A A and other 
sources. - Editor 

ham radio 
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installing effective 

ground systems 


A few hours’ work 
improves signal, 
reduces RFI 

Many Amateurs strive for maximum efficiency 
from their antennas yet fail to give the same consid¬ 
eration to their ground systems. All too often their 
ground consists of a metal rod or pipe driven into the 
soil at some convenient point. Any handy piece of 
wire is run between it and the rig. Many times, the 
transceiver or transmitter is the only piece of equip¬ 
ment connected to the ground. While this type of 
wiring practice may be satisfactory for ac or dc, it is 
totally ineffective at radio frequencies. 

Poor grounding can worsen TVI and RFI, reduce 
the effectiveness of the shielding in your rig and 
allow rf feedback into various pieces of equipment. 
Good grounding can noticeably enhance the per¬ 
formance of antennas on 160,80; and 40 meters. 

There are two phases in the establishment of an ef¬ 
fective ground system. The first involves properly 
bonding together all equipment in the shack. The 
second entails the construction of a low resistance 
earth ground. 

what should be bonded? 

All pieces of equipment in the shack should be cor¬ 
rectly bonded together. This includes transceivers, 
transmitters, receivers, power supplies, keyers, an¬ 
tenna tuners, etc. Unlike dc or ac, all current flow is 
at or near the surface of a conductor at radio fre¬ 
quencies. Thus, the ideal bonding material should 
have a large surface area to present the least imped¬ 
ance to the flow of rf currents. The best and most ex¬ 
pensive conductors are braided copper strap and 
flashing copper, which both possess large surface 
areas. No. 6 gauge copper wire, normally used for 
grounding, has less surface area than the shield of 
RG-58 coaxial cable. In addition to being expensive, 
large gauge solid copper wire is very stiff, making it 
difficult to use. 


A less expensive substitute for copper flashing or 
braided copper strap is the shield of RG-8 coaxial 
cable. It isn't necessary to use new cable. If you re¬ 
place your coaxial cable every three to five years, as 
do most hams, the cable you replace will probably be 
adequate for grounding purposes. 

A ground bus using the entire cable is shown in 
fig. 1. It is not necessary to pull the shield off the co¬ 
axial (a nearly impossible task). The center conductor 
is not used in order to avoid making the cable self¬ 
resonant. In the installation shown in fig. 1, short 
lengths of RG-58 cable were used to make connec¬ 
tions to individual pieces of equipment. Again, only 
the shield was used. To facilitate connection, the 
center conductor and insulation were cut to allow 2 
inches of free shield at each end. The RG-8 bus was 
stapled across the back of the desk to place it as 
close as possible to the equipment. 

cold water pipe 

Amateurs are often advised to ground their equip¬ 
ment to the nearest cold water pipe. But this is im¬ 
possible if the pipe is plastic or corroded metal. Even 
with copper pipe, these makeshift grounds may be 
difficult or impossible to reach — unless you operate 
from the kitchen, bathroom, or laundry room. The 
use of water pipe instead of a good earth ground is 
justified only if you live above the first floor of an 
apartment building. 

achieving good earth grounds 

The construction of a good earth ground, while 
not difficult, involves more than driving a metal rod 
into the lawn. The soil into which the ground rod is 
driven should present minimum resistance to the 
flow of electric currents. When completely dry, most 
soils are non-conductors. Pure water is a very poor 
conductor. The basic electrical conductivity of a soil 
is the result of electron transfer through electrolytes 
dissolved in the water present in that soil. However, 
there are many factors that can affect this basic con¬ 
ductivity. 

By Bradley Wells, KR7L, 5053 37th Avenue, 
S.W., Seattle, Washington 98126 
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material 

conductivity 

(millimhos/meter) 

poor soil 

1-5 

average soil 

10-15 

very good soil 

100 

water 

10-15 

salt water 

5000 

fig. 2. Soil conductivity chart. 


Soil type has an important effect on local ground 
resistance as shown in fig. 2 and 3. Commercial 
broadcast stations require excellent ground systems 
for their vertical antennas. This is why they show a 
marked preference for low swamps over rocky 
mountain tops. Soil particle size and density influ¬ 
ence conductivity, which explains the differing resis¬ 
tances between clay and sandy gravel. A fact to con¬ 
sider in locating your own earth ground is that soil 
type can change over very short distances, both ver¬ 
tically and horizontally. The flowerbed may look like 
a good place for a ground rod, but it won't be if the 
topsoil is resting on gravel or rock. 

The moisture content and concentration of dis¬ 
solved salts markedly affect soil resistance (see figs. 
4 and 5). There is a direct correlation between in¬ 
creased soil moisture and lowered resistance. The 
same effect is noted with respect to dissolved salts in 
the soil. Little information is available on the changes 
of soil conductivity with respect to different types of 
salts. The importance of soil moisture and salt con¬ 
centration cannot be overemphasized. Salts disasso¬ 


ciate into the ions involved in electron current flow; 
water provides the medium to facilitate easy flow of 
these ions through the soil. 

Two other interrelated factors affect soil conduc¬ 
tivity. As shown in figs. 6 and 7, soil resistance rises 
quickly as the temperature drops. Soil conductivity is 
lowest during the winter months and highest in sum¬ 
mer. However, these temperature and climatic ef¬ 
fects become less noticeable with increasing depth in 
the soil. Those of you living in cold climates will 
notice the large jump in soil resistance as the soil 
freezes. This is due to ions being trapped in the 
crystalline structure of the ice. Maintaining a low 
ground resistance during winter months means driv¬ 
ing your ground rods well below the frost line. 




fig. 4. Effects of moisture in sandy loam soil. 
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chemical treatment 

Chemical treatment of the soil around a ground 
rod will increase the effectiveness of your ground 
system.* Rock salt, copper sulphate or magnesium 
sulphate (commonly known as Epsom salt) will inject 
large quantities of ions into the soil increasing its 
conductivity while reducing seasonal variation. How¬ 
ever, these salts will gradually be washed away by 
rain and groundwater. They should be replaced every 
one to three years depending on climate and soil 
type. Rock salt is the most readily available and least 
expensive. Magnesium sulphate (Epsom salt) is 
available at any drugstore. Copper sulphate is the 
most effective but the most expensive. 

ground rods 

Copper pipe makes the best ground rod, but unfor¬ 
tunately, it's expensive and too soft to be driven into 
the ground. The best practical rods are made of steel 
plated with copper to decrease resistance. These are 
available through most Amateur Radio outlets. 
Remember that the length of a ground rod is more 
important than its diameter. Doubling its length will 



cut resistance by 40 percent, while doubling the di¬ 
ameter will result in only a 10 percent reduction. 

Spaced rods provide large reductions in the resis¬ 
tance of your earth ground system as shown in fig. 
8. Ground rods should be separated from each other 
by a distance equal to their length. This reduction of 
resistance is not proportional to the number of rods in 
the system. Three rods spaced 15 to 25 feet apart will 
provide an optimal ground for all Amateur stations. 

A typical ground rod set-up is shown in fig. 9. This 
is most effective since the chemical salts are distrib¬ 
uted through a large volume of soil. Unfortunately, 
these salts are toxic to vegetation and can leave a 
ring of bare soil around each rod. 

An alternate installation method for ground rods 
is shown in fig. 10. This was used for my station 
since I have a small city lot and all the good loca¬ 
tions for driving ground rods seemed to be covered 
with petunias. All excavation was done with a 
post-hole digger to minimize damage to the flower 
beds. While not quite as effective as the method in 
fig. 9, it allows much greater latitude in the place¬ 
ment of your ground rods. 



fig. 7. Seasonal variation of ground resistance. 
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The proper construction of a low resistance 
earth ground system is a relatively simple task. It 
can eliminate the problem of "rf in the shack," 
reduce your TVI potential, and improve the per¬ 
formance of low band antennas — not a bad trade¬ 
off for several hours of work. 
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locate orbiting satellites 


The motion of satellites 
around the earth 
is explained to help you 
find and use 
Amateur satellites 

For the beginning satellite chaser, probably the 
most perplexing question is, how do I find out when I 
can hear it? Although there are now numerous ways 
of finding the answer to that question, the newcomer 
— and possibly some old-timers — will find it very 
helpful to understand the spatial relationships that 
exist between satellites and the earth. With the aid of 
a simple globe of the earth and some basic informa¬ 
tion on satellite behavior, a clearer picture of how to 
find satellites emerges. 

Look at a globe of the earth and visualize it divided 
exactly in half by a flat planar surface. Imagine this 
plane at a slight angle to the polar axis, so that it 
passes to one side of the north pole and to the other 
side of the south pole. Now consider this plane to be 
stationary, with the earth rotating freely through it. 
Note that twice during each rotation each point on 
the earth's surface passes through this plane — ex¬ 
cept for small regions near each pole. At each pas¬ 
sage the plane will appear to approach the earth- 
bound observer from the east and disappear to the 
west, just like the sun and moon. 

satellite paths 

What does this have to do with satellites? Satel¬ 
lites travel around the earth in a path that stays on a 
flat plane of this kind, and the planes of the various 
satellites are completely independent of one another. 
Much of the apparent movement of the satellites is 
merely the movement of the earthbound observer 


being carried toward and away from the orbital 
plane. 

The problem of discovering when a given satellite 
comes within useful distance is then really the prob¬ 
lem of finding out where the orbital plane is when the 
satellite is near your latitude. Since this information is 
different for every station, a convention is used that 
identifies the time and location of the satellite's equa¬ 
torial crossing. From that information you can derive 
the specific data you need for your own location. 

A satellite circling the earth in the orbit previously 
described crosses the equator twice during each rev¬ 
olution around the earth. The convention for refer¬ 
ence data identifies only the northbound equator 
crossing. Information on the longitude and time of 
the first northbound equatorial crossing for the UCT 
(Greenwich) day is published and broadcast by 
ARRL, AMSAT, and others. In addition to this infor¬ 
mation, we must also know certain other facts about 
the satellite's orbit. The time it takes a satellite to 
revolve exactly once around the earth is called its 
period. The angular distance, measured at the equa¬ 
tor, between successive northbound equator cross¬ 
ings is called the increment, measured in degrees of 
longitude, and mainly related to the earth's rotation. 
It is also important to know the inclination angle, the 
angle between the orbital plane and a plane through 
the earth's equator. All these orbital characteristics 
are unique to each satellite and are published in vari¬ 
ous Amateur magazines. 

For the ham who really wants to get serious about 
tracking satellites, there is another item of informa¬ 
tion I can recommend. That is something that's not 
published but must be calculated by the individual for 
his own location. I have called it the index point, and 
I define it as the longitude of the intersection of the 
orbital plane with the equator that causes the satellite 
to pass directly overhead. These index points are dif¬ 
ferent for each satellite, and, in fact, there will be 
two: one for northbound satellite movements 
(ascending orbits) and one for southbound move- 

By John L. Hill, W0ZWW, 2838 Lake Boule¬ 
vard, North St. Paul, Minnesota 55109 
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merits (descending orbits). Let's take a closer look at 
these index points. 

If the orbital plane had an inclination angle of 90 
degrees (perpendicular to the equator), one might 
predict that the index point would have the same lon¬ 
gitude as the ground station. That is not quite true, 
however, because it takes time for the satellite to 
move from the equator to the station and the rotation 
of the earth during this interval has moved the station 
eastward by one degree longitude for each four min¬ 
utes. Thus the orbital plane must be positioned east 
of the station longitude to accommodate this fact. 

Since the inclination angle of the orbital plane is 
not 90 degrees for any of the satellites now in orbit, 
there will be a difference between the longitude of 
the equator crossing point and the ground station be¬ 
cause of this "leaning" of the plane. An effective 
way to visualize this is to stretch a rubber band 
around the globe, making a great circle. Position this 
great circle so that it passes through the ground sta¬ 
tion location, and make the northernmost and south¬ 
ernmost points tangent to latitude parallels equal to 
the inclination angle. For OSCAR 8 this angle is 99 
degrees, so the great circle will come tangent to 81 
degrees, passing to the left of the north pole (as you 
view your station's location) and to the right of the 
south pole. For the Russian satellites (RS-3 through 
RS-8) the inclination angle is 83 degrees, which 
makes the tangency points nearly the same, but on 
opposite sides of the earth's poles. 


With the assistance of this great circle it's apparent 
that for inclination angles of less than 90 degrees, the 
plane crosses the equator slightly west of the ground 
station's longitude; for inclination angles greater 
than 90 degrees, it crosses slightly east. The contri¬ 
bution to the displacement due to the earth's move¬ 
ment is always toward the east; thus these two 
effects almost cancel one another for the RS birds. 
They add for OSCAR 8. 

For ground stations with latitudes of not greater 
than about 60 percent of the inclined orbital plane's 
northernmost (or southernmost) latitude, it's possi¬ 
ble to calculate the location of the index points with¬ 
out resorting to spherical geometry and still get accu¬ 
rate enough results for Amateur communications. 
For example, consider a ground station at 40 degrees 
north latitude and 80 degrees west longitude. And let 
us use the data for the RS-8 satellite, because it pro¬ 
vides some easily understood calculations (see fig. 
1). RS-8 has a period of just under two hours, an in¬ 
crement of almost exactly 30 degrees of longitude, 
and an inclination angle of 83 degrees. Its height 
above the earth's surface is 1680 kilometers, a value 
we will also need. 

The first value we will need to derive is the dis¬ 
placement caused by the earth's rotation. Since the 
satellite travels at a velocity of 3 degrees per minute, 
it will take 13.3 minutes for it to travel north from the 
equator to the station's latitude. Meanwhile, the 
earth turned 3.33 degrees (13.3 divided by 4). 

The inclination factor is the latitude multiplied by 
the cosine of the inclination angle. That is 4.9 de¬ 
grees, but since it's west and the 3.33 degrees is 
east, they partially cancel, making the index point 
81.47 degrees west longitude. The significance of 
this is that every orbit of RS-8 that ascends across 
the equator at 81.5 degrees will pass over the ground 
station 13.3 minutes later. 

A similar index point can be found for satellite 
passes which ascend on the other side of the earth 
and descend over the station. The arithmetic for de¬ 
termining this index point has almost all been done, 
since the satellite now passes the station before it 
reaches the equator by 13.3 minutes. Both the previ¬ 
ous displacements change direction, and the equator 
crossing on descent becomes 78.5 degrees west. 

It's more useful to learn where the ascending 
equator crossing must be to produce the desired de¬ 
scending longitude. One might expect it to be exactly 
opposite (i.e. 180°), however, that is not correct 
since the earth has been turning during the interven¬ 
ing half-orbit. Therefore, the required longitude of 
ascension will be east of a point opposite by an 
amount proportional to the time required for this 
half-orbit transit. Since all satellite locations are ex¬ 
pressed in longitude degrees west of zero, this point 
is most easily obtained by adding 180 degrees minus 
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one-half the increment. (Should the result be greater 
than 360 degrees, the correct value is obtained by 
subtracting 360.) For the example we've been using, 
this ascending crossing will be at 243.5 degrees west. 
It's useful to note that the 'bird' will arrive over the 
station 46.5 minutes after this crossing: one-half the 
period minus the time from the station to the 
equator. 

So much for passes which are overhead. But what 
about the ones that come by without being that high 
in the sky? To find out when and where these occur, 
we must take up the question of range. When the 
satellite is just on our horizon (unless the horizon is 
obscured by a mountain or building) the ground sta¬ 
tion is at the 90-degree corner of a right triangle, the 
other two corners of which are the center of the 
earth and the satellite. The useful information to be 
drawn from this triangle is the angle between the 
lines joining the center of the earth with the other 
two corners. This angle defines the maximum range 
at which the satellite is visible on the horizon, and its 
value can be used to calculate the equator crossing 
longitudes of orbits that will carry the satellite inside 
a "range circle" that's centered on the ground sta¬ 
tion and has a radius of that dimension. 

If the ground station were on the equator, we 
could merely add and subtract the range angle to the 
index points to derive the "window" through which 
every satellite would have to pass to come into 
ground station range. For ground stations off the 
equator — at latitudes greater than zero — the range 
window widens. Without getting into complicated 
spherical geometry, it's possible to estimate the 
width between eastern and western equator cross¬ 
ings at the range limits by dividing the range angle by 
the cosine of the station latitude, and adding and 
subtracting the resulting value to the previously cal¬ 
culated index points. 

Using the RS-8 satellite and the ground station of 
the earlier example, the range angle is 37.7 degrees.* 
Dividing this by the cosine of 40 degrees widens this 
angle to 49.2 degrees. Adding and subtracting this 
gives limits of 32.3 degrees and 130.7 degrees, and 
provides a fair approximation of where ascending 
equator crossings will bring the satellite within range 
of this ground station. The same operation on the 
other index point gives a set of limits for descending 
orbits in terms of the longitude of ascension. For this 
station they are 194.3 degrees and 292.7 degrees 
west longitude. 

The true boundaries of equator crossings are 
slightly beyond these calculated values, but the 


"The angle is equal to arc cosine \R/(R + H) 1, where R - 6771 hm and H 


mathematics becomes too involved to make their de¬ 
termination worthwhile. Also, this simple scheme 
develops gross inaccuracies as the location of the 
ground station exceeds latitudes greater than about 
60 percent of the maximum satellite latitude. Sta¬ 
tions in higher latitudes need to use a different 
approach. 

which satellites are in range? 

Having established the edges of our own personal 
index windows, we now need a list of all the satellite 
equator crossings to see which of them will be in 
range. Lists showing all equator crossing longitudes 
and times for ascending orbits are available, but they 
are predictions, made months into the future, and 
tend to require corrections when the actual date 
arrives. Here is a simple technique, using an ordinary 
pocket calculator, for getting the same information 
from more correct reference orbit data broadcasts by 
W1 AW and the AMSAT nets. If your calculator has a 
memory capable of storing an eight-digit constant, it 
can handle this procedure. 

The idea is to combine the two values — time and 
longitude — into a single multiple digit value that can 
be repeatedly added to the initial reference data to 
yield successive orbital data. Again using data for 
RS-8, the satellite has a period of 119.7 minutes and 
an increment of 30.07 degrees. Combine these two 
values into a single expression and enter it into the 
calculator's memory. Make this value 199.70301 
(why it's not 119.70301 will be explained later — see 
calculator values). Note that the increment has 
been rounded off to stay within eight digits. 

Assuming that the reference data for RS-8 this day 
is 00:42:36 (hours:minutes:seconds) at longitude 
260.4 degrees west, enter these two items as a single 
value (42.62604) and add the constant to get 
242.32905. This can be mentally separated to be 2 
hours, 42.3 minutes at longitude 290.5. Add the con¬ 
stant again and get 442.03206, 4 hours, 42.0 minutes 
at 320.6 degrees longitude. Add the constant once 
more and get 6 hours, 41.7 minutes at 350.7 degrees 
west longitude. The next addition comes to 841.43808, 
but since the longitude portion exceeds 360 degrees, 
merely subtract 0.036 and you find that this orbit 
ascends the equator at 8 hours, 41.4 minutes at 20.8 
degrees west. You can continue to develop data for 
each successive orbit. Should the minutes value of 
the time come out between 60 and 99, merely sub¬ 
tract 40.0 and you have a correct value and can con¬ 
tinue. In fact, you can even subtract 2400.0 when the 
time exceeds 2359 and continue on into the next day 
if you don't have new reference data for that day. If 
you go on too far, of course, the inaccuracies of 
rounding will build up. 
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HOBBY KITS® 

EXPERIMENT — LEARN ELECTRONICS 
BUILD AND DESIGN YOUR OWN AM,FM, CW, 
OR SSB RECEIVERS,TRANSMITTERS AND ETC. 

WITH OUR MINI-LINEAR CIRCUIT KITS 
All kits Come Complete With Etched and Drilled Circuit Boards 
and All Parts Needed To Function As Described 
AFA-1 AUDIO AMP. LM 380 1 2W.«4-16OHMOu.pu. $4.95 

AFP-1 AUDIO PREAMP. Du,l Audio Pr«ntp-For M.K.EIC $3.95 

BMD-1 BAL.MIX.LM,496M,x.rS B Modulttor 7un®d Output $9.95 

DET-1 AM DET. Am En*«lopeD.l€CtOfWith*GC Output $3.95 

DET-2 FM DET. LM 30€& FM Detector (455 KHZ or 4-11 MHZ) $7.95 

DET-3 SSB DET. LM 1496SSBD.t.ctor(N<HK!sOSC-1orOSC-4| $9.95 
IFA-1 IF AMP. CA302630DBGlin,OptionilAGC(455KHZot9-11 MHZ) $6.95 
FLS-9 SSB FILTER 9 mhz /2 t khzbw with usbxaliot osc-1 $49.95 

IFA-2 IF AMP. CA 302« 30 DB Gtin t■ 100 MHZ Optional AGC $6.95 

MBA-1 FREQ. MULT. Tun* Output Butl«-Mul,,A m p«», To 250MHZ $5.95 

OSC-1 CRYSTALOSC. looKHZ-zoMHZNotTumxitL^xAu... $3.95 
OSC-2 CRYSTALOSC. Ov t8 200MHZTu™KioutputiL«s«Au .. $4.95 
OSC-3 VARIABLE FREQ OSC vt.icto, Tu n.d abskhz - .os ^ $5.95 
OSC-4 VARIABLE FRFY OSC v.r.cto.Tun«i4.u mhz ^ $5.95 

PSV-1 POWER SUPPLY LM 723 wth r*» T,.nsi«o..3«npsm»°” $7 95 
PLL-2 TONE DETECTOR lmss? pll TonoDmctot wt„„.,$ 5.95 
RF/MIX-2 RF-AMP/MIXER 3N204 Tun* flf am7m«., 1 -250 mhz $7.95 


MANY OTHER MODULES AVAILABLE 

S EN D $2.00 FOR FULL CATALOG COM PL ETE SET OF MODULES TO BUILO A 

WITH CIRCUIT DIAGRAMS AND 1-*»*TT SSB/CW MONO-BAND TRANSCEIVER 

TYPICAL RECEIVER AND LESS 0*«COIOTROLSPWR SUPPLY 

TRANSMITTER HOOK-UPS “ ! S " “ 

$149.95 (Spool ty B»nd) 

MORNING DISTRIBUTING CO. - 18l 

P.O. BOX 717, HIALEAH, FLA-33011 


Computer Program 
Books for Beginne rs 

Color Computer 

101 Color Computer Programming Tips & Tricks, learn-by-doing 
instructions, hints, secrets, shortcuts, techniques, insights, for 
TRS-80 Color Computer. 128 pages. $7.95 

55 Color Computer Programs for Home, School & Office, practical 
ready-to-run software with colorful graphics for TRS-80 Color 
Computer. 128 pages. $9.95 

55 MORE Color Computer Programs for Home, School $ Office, 
sourcebook of useful type-in-and-run software with exciting 
graphics, for TRS-80 Color Computer. 112 pages. $9.95 

Pocket Computer 

Pocket Computer Programming Made Easy, new fast 'n easy way 
to learn BASIC, make your computer work for you. For TRS-80, 
Sharp, Casio pocket computers. 128 pages. $8.95 

101 Pocket Computer Programming Tips & Tricks, secrets, hints, 
shortcuts, techniques from a master programmer. 128 pages. 

$7.95 

50 Programs in BASIC for Home, School & Office, sourcebook of 
tested ready-to-type-in-and-run software for TRS-80 and Sharp 
pocket computers. 96 pages. $9.95 

SO MORE Programs in BASIC for Home. School A Office, ideal 
source for lots more useful software for TRS-80 and Sharp pocket 
computers. 96 pages. $9.95 

Please add $2.00 for shipping and handling. 

Allow 2-4 weeks for delivery. mSU 


SEND TO: HAM RADIO’S BOOKSTORE 
GREENVILLE, NH 03048 
(603)878-1441 


By comparing the longitudes of equator crossings 
with the limits you have computed for your two index 
windows, you can select those which will pass within 
the range of your station and establish the time that 
each will pass your latitude. The elapsed time from 
equator crossing to arrival at your latitude will be the 
same whether the equator crossing is such that the 
bird passes overhead or only out near the limits of 
your range. When the pass is directly overhead, you 
can expect the duration of visibility to be twice the 
range (degrees) divided by the velocity (degrees per 
minute). For OSCAR 8 this is 16.7 minutes (2 x 29.1 
+ 3.49). For the RS birds this duration is 25 minutes 
(2 x 37.7 - 5 - 3.0). When the pass is halfway between 
the station and the range limit, the duration is 85 per¬ 
cent of the overhead value; at the range limit, it may 
be only a minute or less. 

A helpful exercise in developing your understand¬ 
ing of how the satellite moves through any portion of 
your range circle is to place your great circle marker 
on your globe at various longitudes within the index 
window and note the path it defines as it comes into 
and leaves your range circle. For stations in the 
Northern Hemisphere this track causes the RS birds 
to depart off to the northeast on ascending orbits 
and to arrive from the northwest on descending or¬ 
bits. For OSCAR 8 the opposite relationship results 
from the difference in inclination angle, its having an 
angle of inclination 9 degrees greater than 90, while 
the Russian orbits are 7 degrees less than 90 (see fig. 
1). By attaching a length of string to your globe at 
the station location and tying a knot at a distance 
representing the range limit, you can obtain an excel¬ 
lent graphical representation of your range limit. 
Note that the length to the knot can be measured in 
either latitude degrees or in longitude degrees at the 
equator. 

calculator values 

By making the constant for the period and incre¬ 
ment that value given earlier, you are simultaneously 
adding two hours and subtracting a few minutes to 
the mixed hours and minutes expression. Occasion¬ 
ally, when the minutes value is small, the result 
comes out a few minutes less than 99 when it should 
be the same number of minutes less than 59. Sub¬ 
tracting 40 minutes fixes it up. 

No doubt a home computer with satellite locating 
programs can provide more exact information, but 
satisfactory operation can be achieved using the sim¬ 
ple methods described here. For almost ten years I 
have tracked the satellites — and had hundreds of 
QSOs — using only my globe, a rubber band, some 
string, and a hand calculator. 


ham radio 
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working W5LFL from space 

All you’ll need is ten watts and an antenna 
— and lots of luck. 


So you want to work an astronaut from space? 
You'll have your chance when Dr. Owen Garriott, 
W5LFL, begins transmitting from the space shuttle 
Columbia on the third day of the nine-day mission 
scheduled for launch September 30. 

Details of the flight plan, are still being worked out. 
As of this writing, transmission is expected to be 
within the range of 145.51 to 145.77 MHz, with 
145.55 the primary channel (downlink). Using split 
operation, W5LFL will listen between 144.91 and 
145.09 MHz, stepping in 20 kHz increments. (Stay 
tuned to AMS AT nets and W1AW for specifics. 
Newsletters will also provide details as the launch 
date approaches.) 

NASA has mapped out a flight path that takes the 
Columbia over the most heavily populated areas of 
the earth. In ascending orbit, the ship will appear 
over the southwest horizon of the United States and 
follow a gentle curve towards the northeast, its path 
dividing the contiguous United States into four areas 
corresponding roughly to the time zones. Tracking 
data is being compiled for release by AMSAT. 

Flying at 17,000 miles per hour at an altitude of 
approximately 200 statute miles, Garriott will have 
line-of-sight for about 1,000 miles. He'll be radio- 
visible for a maximum of eight minutes over any 
given point. 

Based on experience with OSCAR, AMSAT tells 
us we can expect to receive full quieting signals while 
the ship is passing overhead — even on a hand-held 
radio with a rubber-duckie antenna. Transmission 
may not be as simple; you'll need ten watts and a 
gain antenna — and lots of luck — to stand a chance 
of being herad by W5LFL. 
ing heard by W5LFL. 

Garriott will operate from the aft flight deck of the 


Columbia, using a specially-built transceiver 
operating at 5 watts. His split-ring antenna, housed 
in a window overlooking the European-built Space 
Lab, will give him line-of-sight perspective to earth 
during most of the flight. 

Astronauts work a schedule of twelve hours on, 
twelve hours off. Garriott has NASA's OK to operate 
up to one hour per day during his free time, most 
likely on either end of his eight-hour sleep; he'll tell 
Mission Control when he's ready to operate. Club 
stations at each NASA site will pass the word to 
other Amateurs; those of us on earth can expect 
about 35 to 40 minutes' notice. 

Once he begins operating, Garriott will transmit on 
the even minutes and listen on the odd minutes. Dur¬ 
ing transmission, he'll state his location, then identify 
call areas for which he'll be standing by, and finally 
begin acknowledging calls he's been able to log. 

NASA recommends that amateurs wishing to con¬ 
tact W5LFL transmit only their calls during the odd 
minutes. Just fifteen to twenty orbits at most are ex¬ 
pected to be effective, and on each pass, no more 
than a few dozen earth stations can be worked. If 
you call but are not acknowledged, don't g /e up 
hope: Garriott will tape record all Amateur activity 
and the resulting tapes will be used as a log for 
QSLing after completion of the mission. (Attention 
DX'ers: W5LFL does not count as another country!) 

September is a good time to clean up that 2-meter 
equipment. So clean it up, follow the news closely, 
and get ready to make history ... as one of the lucky 
ones to make contact with "W5LFL from Columbia" 
this fall. 

ham radio 

by Roy Neal, K6DUE, Senior Correspondent, 
NBC Network News, 
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"HAMS SERVING HAMS" 
Lowest prices in TVRO 
INTRODUCING 
Ihe NSS 80A 

.45 F/D Spun Aluminum Dish 
weighs only 60H - True polar- 
mount - Quadpod Feed. 

— COMPLEIE — 

SAT-TEC R5000 .$1350 

KLM Sky Eye IV . 1495 

Universal Comm. DL2000.1495 

AUTO-TECH GLR 500.1 595 

DRAKE ESR224.1595 

DEXCEL DXP1100-stereo . 1 750 

DRAKE ESR24.1795 

Luxor-Stereo . . . 1850 

All packages include: 8' Spun 
Aluminum Dish. Polarmount. 
Polarotor II Polarizer. 110° K LNA. 
modulator and 100' cables. 

— PRODEUN — 

10' Dish - .3 F/D - 8 panels - The 
Ultimate in TVRO Dishes. 

— COMPLETE - 
SYSTEM PRICES 

SAT-TEC 1475 

KLM Sky Eye IV .1730 

Universal Comm. DL2000.1730 

AUTO-TECH GLR 500.1 750 

DRAKE ESR 224 ... . 1895 

AUTO-TECH GLR 520.1 950 

DRAKE ESR 24.1 995 

DEXCEL DXR 1100 

with LNC - stereo.2095 

AUTO-TECH GLR 560.2025 

LUXOR STEREO. Infra-Red 
remote control.2125 

All packages include 110° K LNA (or 

LNC). 100' Cable, Modulator. Polar- 
mount, Polarotor II Polarizer. 

DEALERSHIPS AVAILABLE 
NATIONAL FINANCING 
AVAILABLE WITH AS LITTLE AS 
10% DOWN (O.A.C.) 

CALL TOLL FREE 
1-800-654-0795 
for info or ordering 
312 12th Avenue South 
Nampa, Idaho 83651 
WB6IOC (208) 466-6727 KI7D 


TOWERS 

by ALUMA 

HIGHEST QUALITY 
ALUMINUM & STEEL 
im TELESCOPING (CRANK-UP) 
GUYED (STACK-UP) 

S0H TILT-OVER MODELS 
Easy to install. Low Prices. 
Crank-ups to 100 ft. 


U^"1I 1 
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{“jjALUMA TOWER COMPANY| 

BOX 2806HR 
VERO BEACH, PLA. 320* 

|® (305) 5*7-3423 TELEX 8 


TS430S FILTER DEAL 


lor AM. For CW. our 
the YK88C, while our 
le YK88CN. The more 


lengths ol coax. Installation is easy — no drill¬ 
ing or circuit changes. Order with confidence. 

INTRODUCTORY PRICES — Complete Kit 

AnyONEfilter.S55 

Any TWO Utters.$100 (Save H0) 

Any THREE filters.$145 (Save $20) 

Includes all needed cables, parts, detailed In¬ 
structions. Specify the type(s) desired. 

AM - FT2811 (6000 Hz Bandwidth) 

CW — FT2801 (250 Hz); FT2802 (400 Hz) 

SSB - FT2808 (1800 Hz); FT2809 (2100 Hz) 
Shipping $3 per order. ($5 air) FL Sales Tax 5% 

f ONE YEAR WARRANTY 

^ GO FOX-TANGO-TO BE SURE! 
J Order by Mall or Telephone. 

* AUTHORIZED EUROPEAN AGENTS 
T Scandinavia MICROTEC Makedian 28 
3200, Sandeljord, NORWAY 
^ 138 Olher INGOIMPEX. Postlach 24 49 


FOX TANGO CORPORATION 

Box 15944 H, W. Palm Beach, FL 33416 
(305) 683-9587 


Radio 

Handbook 

by Bill Orr 

NEW 22nd EDITION 


The Radio Handbook 
has been a best seller for 
over 45 years. This 
brand-new edition covers 
in complete detail all of 
the latest state-of-the-art 
advances in electronics. 
Hams and engineers alike 
will find this handy, 
single-source reference an 
invaluable aid. Chock- 
full of projects from sim¬ 
ple test equipment to 
complex receivers and 
amplifiers. Chapters in¬ 
clude an explanation of 
Amateur Radio commu¬ 
nications, electronic and 
electrical theory, tubes 
and semiconductor de¬ 
vices; a special chapter 
on RFI and more . . . 

This invaluable book is a 
must for every ham- 
shack. Order yours 
today and save. 1136 
pages. ©1982 D21874 

SPECIAL $29.95 


ham radio’s 

BOOKSTORE 

Greenville, NH 03048 H 
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technical forum — — 

Have a technical question? Ask your fellow Amateurs through Technical Forum. You'll reach knowledgeable readers ready to help you find the answer 
you're looking for. Have an answer? Send it in. Every month we'll award a specially selected book from Ham Radio's Bookstore to the writer of the best 
response to a question previously posed in this column. Address your questions and answers (typewritten, if possible) to Technical Forum, ham radio 
magazine, Greenville, New Hampshire 03048. 


efficient matching 

Joe Czerniak, W8NWU, asked for 
"the most efficient way" of feeding a 
432 MHz helical antenna with 70 ohm 
cable from a 50 ohm source (Techni¬ 
cal Forum, March, 1983). I assume 
that by "most efficient way" he 
meant the way resulting in the least 
power loss, not the way representing 
the best possible ratio between per¬ 
sonal effort extended and the result 
achieved. 

It seems to me that with the system 
having a relatively narrow bandwidth, 
then if effort is not a consideration, a 
1/4 wave section of air-spaced coax¬ 
ial should be constructed to match 
the unbalanced 140 ohm antenna to 
the unbalanced line. This should be 
constructed in the form of a trough, 
using the jacket of the 70 ohm cable 
as the outer strips to avoid having a 
connector (fig. 1A). The impedance 
of the trough section should be 99 
ohms (the square root of the product 
of 140 and 70). 

At the equipment end, the match¬ 
ing is best done in the converter, by 
arranging it to match directly to a 70 
ohm feedline. 



A more conventional way, using 
the connectors (while acknowledging 
their possible future problems), 
would be to match the antenna to the 
cable with two successive 1/4-wave 
sections (fig. IB). It is a fortunate co¬ 
incidence that a section of 70-ohm 
coaxial would transform from 140 to 
35 (70 is the square root of the prod¬ 
uct of 140 and 35) and a section of 50 
ohm coaxial would transform from 35 
to 70 (50 is the square root of the 
product of 35 and 70). If the helical 
were a balanced antenna it would be 
interesting to note that a 140/bal¬ 
anced to 35/unbalanced balun could 
be built from the same cable used for 
the feedline. 

If the idea of changing the convert¬ 
er input is not acceptable, a pair of 
nonsynchronous sections, one of 50 
ohms and the other of 70 ohms, as 
described by K1XX in ham radio 
(September, 1978) would be nice. In 
the same issue, W7VK shows how to 
put a standard connector on the 
hardline cable. — Bob Eldridge, 
VE7BS 

rain static resolved 

HB9FU's letter in July, 1983, Tech¬ 
nical Forum recalls difficulty of recep¬ 
tion of radio signals aboard aircraft 
flying through rainstorms. About 
1948 an "anti-precipitation static" 
(APS) wire system began to appear 
on aircraft. 

The wire for the antenna was sin¬ 
gle-strand copperweld covered with a 
tough insulation, much like the die¬ 
lectric in RG-59/U. (In fact, take the 
outer cover and braid off RG-59/U 
and you have APS wire.) 

While the system on aircraft uses 


special nylon insulators to grip the 
wire or to tap off in a "Tee," the main 
idea is that no rain be allowed to get 
to the wire conductor. Simply stated, 
the conductor(s) are totally encap¬ 
sulated. 

The static is apparently caused by 
the charge a wire antenna picks up 
and the changing charges as the rain 
drips off. 

If HB9FU can get to an airport and 
see a high-frequency antenna on an 
overseas aircraft, he'll get the picture 
— maybe he can also find out where 
he can obtain that kind of wire and in¬ 
sulators. 

Anyway, as long as no part of the 
conductor is exposed, APS will al¬ 
most totally disappear. — Dave 
Walsh, W1FYX 


LED puzzle 

Can anyone tell me what's wrong 
with the first LED in my Kenwood 
TS590SE's digital display. It reads 1 
on 80 to 40 ,2 on 20 and WWV, and 3 
on 15 or 10. Can you help? — John 
E. Dunn, WB9JKV. 


"hidden" antenna 

I would like to correspond with 
anyone who has used, or is success¬ 
fully using a "hidden antenna.” — 
Michael H. Landwehr, KE7T, P.O. 
Box 4502 Huachuca City, Arizona 
85616. 


Heath HX1681 

I want to modulate my Heath 
HX1681 CW transmitter. Is a kit (or 
circuit) available? — Robert Miller, 
W2UWO 
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Garth stonehocKer, K0RYW 


DX 

FORECASTER 


last-minute forecast 

The forecast for September em¬ 
phasizes the end of summertime DX 
conditions with its longer daylight 
hours, increased short-skip openings 
during the sporadic-E season, and 
evening thunderstorm QRN. Fall DX 
conditions are quite different. 

In the band-by-band summary 
below look for geomagnetic-iono¬ 
spheric disturbances to increase 
(especially during 1983 and 1984); 
transequatorial openings to begin 
again; transpolar openings (gray-line 
DX) to occur near twilight; maximum 
usable frequencies to increase; and 
thunderstorm activity to change from 
airmass to frontal, with related QRN 
changes. Accompanying these 
changes, the lower hf bands (30, 40, 
80, and 160 meters) are forecast to be 
best during the first two weeks of the 
month. Then the higher bands (30, 
20, 15, and 10 meters) are expected 
to take over, providing excellent con¬ 
ditions considering this point in the 
11-year sunspot cycle. Disturbed 
geomagneticionospheric conditions 
are probable on September 2-5th, 10- 
13th, 16-19th, and 23-25th. 

The full moon will occur on Sep¬ 
tember 22nd and its perigee on the 
6th. The autumnal equinox will be on 
the 23rd at 1442 UT. No significant 
meteor showers are expected in 
September. 

solar cycle 

It's time to check the decline of this 
solar cycle. April 1982's lower solar 
flux and sunspot number (SSN) 
values confirmed that the gradual 
downward trend of the cycle from the 
peak had begun (in February for SSN 
and April for solar flux). In September 
1982 the SSN was recorded at 100.6. 
At present (June, 1983) a plateau has 


been reached where it levels off be¬ 
fore descending at a more leisurely 
rate to the minimum years of 1985 
and 1986. The plateau is at approxi¬ 
mately a SSN of 62 or flux value of 
110. It is expected to remain constant 
through the winter months before de¬ 
creasing again. 

In July I mentioned that the critical 
frequency, foF2, the main variable of 
the maximum usable frequency 
(MUF), was nearly a linear function of 
SSN or radio flux and gave three rep¬ 
resentative values at mid-latitude. 
The foF2 (MUF equals approximately 
2.5 x foF2) variation is 0.0485 MHz 
per SSN value or 0.0557 MHz per flux 
value, <t>. The equations are; 

foF2 = 0.0475 SSN + 5.25 
foF2 = 0.0557 <t> + 1.8 

where SSN is the 12 month smoothed 
sunspot number and <t> is the monthly 
mean solar flux. The 2.5 (in the 
parentheses) is the MUF factor, a 
geometric angular relationship form¬ 
ed by the distance between the trans¬ 
mitter and the receiver and the height 
of the ionosphere. 

Daily foF2 show greater variation 
with daily solar flux values or five-day 
running mean SSN. These relation¬ 
ships will be provided in a future 
column. 

band-by-band summary 

Ten and fifteen meters will be open to 
many areas of the world from morn¬ 
ing until early evening hours many 
days. Geomagnetic disturbances will 
limit the number of signals heard, but 
listen carefully—they can be from 
very unusual places, particularly one- 
long-hop transequatorial DX. Fifteen 
meters should stay open later in the 
day than 10 meters. Operate 10 first 
and then move down to 15. 


Twenty meters will be the main day¬ 
time DX band, as it is almost always 
open to some part of the world. It 
opens to the east as the sun rises and 
extends into the late evening hours to 
the west. Geomagnetic disturbances 
do not affect this band as much as 10 
and 15 meters, but look for unusual 
transequatorial DX of 5,000 to 7,000 
miles (8,000 to 11,200 km). These 
paths may be possible in the late 
evening hours during some of these 
unusual conditions. 

Thirty meters is a day and night band. 
The day portion should be like 20 
meters except that signal strengths 
may decrease during some middays. 
Days of decreasing strength are rela¬ 
ted to those having high solar flux 
values. This band can also be used 
well into the night, and often through 
the night; nights in which this doesn't 
hold true will most likely be those that 
follow very high solar flux days. The 
questionable periods are usually the 
hour or so before dawn. The work¬ 
able distance may be expected to be 
greater than 80 meter DX at night and 
less than 20 during the day. 

Forty and eighty meters will exhibit 
short skip conditions during daylight 
hours and lengthen after dark. The 
bands will open for DX to the east 
just before your sunset, swing more 
to the south toward Latin America 
about midnight, and end up in Pacific 
areas during the hour or so before 
dawn. On some nights these bands 
will have low QRN similar to the win¬ 
ter DX season conditions. Coastal 
regions usually have the edge for 
working rare DX on these bands. 
Look for transpolar openings on 
these bands. (See ham radio, Sep¬ 
tember, 1982, p. 56.) 

One sixty meters will probably have 
many nights that will remind you of 
last summer's noise. However, useful 
nighttime conditions aren't too far 
off. Propagation on 160 meters will 
approximate a shortened 80-meter 
condition. 

ham radio 
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REVIEW 


TH5MK-2 broadband 
thunderbird 

Over the past three years I have been using 
the Hy-Gain TH5DX triband beam. The per¬ 
formance overall has been excellent with no 
problems experienced. I had no intention of re¬ 
placing the antenna — that is until Alan Cap- 
lan, W0RIC, of Hy-Gain called and told me 
about a new version of the TH5 they were get¬ 
ting ready for release. The new antenna is 
called the TH5MK-2 and is based upon a dual- 


much for my advice about reading the 
manual!) 

One place where I did divert (again, not fol¬ 
lowing my own recommendation . . .(from Hy- 
Gain's instructions was in the assembly of the 
elements. Hy-Gain suggests that you first build 
the boom and then assemble the elements on 
the boom. Not having the time on weekends to 
sit down and assemble the antenna from start 
to finish, I decided to assemble the elements 
first and then mate them to the boom. This 
allowed me to put the antenna together over 
several evenings. Other than investing a bit of 
extra diligence, I didn't have any additional 
problems using this method. I also didn't have 
to worry about losing element parts. It took 
less than two hours to mate all the elements to 
the boom assembly and assemble the beta 



Hy-Gain has carefully researched instruction 
manuals and found that when owners read 
through the instructions several times, assem¬ 
bly problems are drastically reduced. This is a 
sound recommendation that should be ad¬ 
hered to — without exception. Hy-Gain went 
to quite a bit of time and expense to write an 
accurate and precise instruction manual. You’ll 
save yourself time and hassle if you're familiar 
with the instructions before you start. 

Parts are in poly bags so it will also be worth 
your time to segregate all the different clamps, 
bolts, nuts, screws, and tubing prior to putting 
the antenna together. This saved me time and 
eliminated frantic searching while putting the 
antenna together. One word of warning. Make 
sure you carefully measure tubing lengths as 
le the elements. (I didn't. Well, so 


performance 

Initial results have been most favorable with 
the new TH5MK-2. Not being a "hot and 
heavy" high band DXer, I can't give a day-by¬ 
day summary of its performance. However, in 
casual DXing and in several contests, it has 
performed admirably well. In comparing the 
TH5MK-2 to my TH5DX, my gut feeling is that 
the TH5MK-2 has a slight edge. The big plus, 
however, is that the MK-2 operates efficiently 
from band edge to band edge. 

specifications 

The TH5MK-2 is a five-element broadband 
antenna designed to operate on 20, 15, and 10 


meters. A big plus for the MK-2 is that all hard¬ 
ware is stainless instead of plated steel. This 
eliminates (or reduces) the problem of hard¬ 
ware oxidization. Hy-Gain also supplies a BN86 
balun with the antenna. The TH5MK-2 weighs 
57 pounds and has a wind surface area of 7.4 
square feet and is designed to survive a 100 
mph maximum wind. Each band has one direc¬ 
tor and one reflector, as well as the two driven 
elements. The boom is 19 feet long (one foot 
longer than the TH5DX) and the longest ele¬ 
ment is 31 feet 6 inches. Hy-Gain rates the an¬ 
tenna at 7.8 dBi gain for 20 meters, 8 dBi for 15 
meters, and 9 dBi for 10 meters. Since the an¬ 
tenna employs a Beta match and balun, the an¬ 
tenna is at dc ground for lightning protection. 
For more information contact Hy-Gain, 9100 
Aldrich Avenue, Minneapolis, Minnesota 
55420. N1ACH 


Triplett model 3500 

The Model 3500 is a compact, portable auto¬ 
range manual digital multimeter designed to be 
easy to operate and read and also be able to 
withstand rough handling. The autorange fea¬ 
ture eliminates the need for manual selection of 
range; you can select the ranges manually if 
you desire. All measurements except 10 am¬ 
peres are made from two jacks, eliminating the 
need to switch test leads as different ranges 
are selected. The Model 3500 is fully overload- 
protected with a special 0.3A/250V and 
2A/600V fuse arrangement. 

The Model 3500 measures ac/dc volts, 
ac/dc current and high or low power ohms. 
Accuracy is guaranteed for one year. Protec¬ 
tion from overload is up to 1000 Vdc and 750 
Vac without fuseblow. The 3500 also features a 
tilt stand to facilitate greater visibility on the 
test bench. The case is ribbed to provide a 
stable, non-slip grip for the user. Battery life is 
approximately one year in occasional service 
but less in daily use. The low-battery indicator 
will alert the user when battery life remaining 
falls to approximately 50 hours. 

We found the Triplett Model 3500 simple to 
use, handy to have, and rugged enough to 
stand up well in most ham shacks. Its large 
LCD display is readable under a variety of light¬ 
ing conditions. Packaged in a high-impact plas¬ 
tic case, the Model 3500 measures 3-1/2 x 6 
x 1-5/8 inches (88 x 155 x 34 mm). It weighs 
12.5 ounces (0.35 kg) with battery installed. 
The suggested retail price ($140) includes the 
unit itself, 36 inch test leads with alligator clips, 
and two 1-1/2 volt batteries. Contact your local 
distributor or Triplett Corp., One Triplett Drive, 
Bluffton, Ohio 45817 for further information. 
RS#301 

N1ACH 
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Protect Engineer 
Antennas/RF 
Communications 


■> GOULD 


1.2 G Hz mobile transceiver 
and receiver 

ICOM's new IC-120 is a 1.2 GHz fm mobile 
transceiver, covering 1260 to 1300 MHz. This 
unit is styled similarly and has features similar 
to the IC-15A/H series of 2-meter transceivers, 
and has many equivalent features. Duplex split 
is variable, but is initiated at 20 MHz when the 
unit is first turned on. Duplex up and down as 
well as scanning features are offered. Power 
output is 1 watt. ICOM is the first to offer a full- 
featured mobile transceiver for this mostly un- 


f a 1.2 GHz repeater with a power out- 
10 watts, CTCSS capability, IDER, and 
control. The'RP1210 is synthesized to 
nplementary to the IC-120 transceiver, 
s a duplex split of 20 MHz. 
further information, contact ICOM 
:a. Inc., 2112-116th Ave., NE, Bellevue, 
tgton 98004. RS#302 


irammable linear 
lifier 

ETO Alpha 85 features a micrc 


marine msirumenis tot miiuary ana commercial 
applications. We have a strong engineering department 
performing research, design, and development in 
communication systems. We are seeking a project 
engineer with a systems engineering background to 
assumea significant leadership role in a growing ocean- 
based communications program. 

In order to qualify for consideration, you must have a 
BSEE degree and a minimum of 6 years’ related 
experience, including design and evaluation of antenna 
and communication systems up to 1 GHz. Ability to 
define problems and contribute creative solution 
concepts is essential. Familiarity with DOD acquisition 
and system engineering procedures would be a plus. 
You will have the responsibility for providing technical 
input and guidance to the project team during analysis, 
implementation, and testing of the antenna system 
concepts. As project engineer you will also have the 
responsibility for the technical management of the 
project team from a schedule and manpower 
perspective. 

If you meet the qualifications stated above and are ready 
to assume a highly visible leadership role in a program 
vital to our nation's defense, we want to hear fr;om you. 
Gould offers an excellent work environment and very 
competitive benefits. For confidential consideration, 
please send resume and salary requirements to: 
Employment Manager, GOULD DEFENSE 
ELECTRONICS DIVISION, 6711 Baymeadow Drive, 
Department 13-153-83,Glen Burnie, Maryland 21061. An 
Equal Opportunity Employer M/F. 


ANTECK, INC. "® 1 !. 


Office Hours: Mon-Thurs 8-5 MST. 


ANTECK, INC. Route 1, Box 415 
^ 112 Hansen, Idaho 83334 208-423-4100 
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CB TO TEN METER 
CONVERSION KITS 

KITS for AM-SSB—FM 40 Channel PLL 
chassis conversions 
DETAILED INSTRUCTIONS for easy in¬ 
stallation with minimum time and equip- 

BAND COVERAGE flexibility provides 
up to 1 MHz coverage for most PLL 
chassis. 

PRICES Low cost prices range from 
$8.00 to $50.00 

All kits are in stock including 
several different FM kits. 

FREE CATALOG Write or call today. 

INDEPENDENT 
CRYSTAL SUPPLY COMPANY 

P.O. Box 183 

Sandwich, Ma. 02563-0183 

(617)888-4302 152 



RAM. An optional fully documented Personal¬ 
ity EPROM allows the repeater owner to define 
a backup set of parameters independent of the 
firmware for use in case power is lost. Built-in 
diode switching allows easy battery backup. 


TU-4C two frequency tone encoder unit is 
available. 

Additional information is available from Trio- 
Kenwood Communications, 1111 West Walnut 
Street, Compton, California 90220. RS#306 


92 BB September 1983 








flea market 


Coming Events 

ACTIVITIES 

“Places to go...” 


Baltimore. Admission $3.00. Indoor tailgating and tables 
$6.00 additional. Outdoor tailgating $3.00 additional. 
Talk in on 147.735/135, 146.52/52. For reservations and 

Information: Ed Wallace, K3EF, 9905 Carillon Drive, Elll- 

COtt City, MD21043. 

MASSACHUSETTS: The 19-79 ARA’s annual fall flea mar- 
ket, Sunday, October 16, 11 AM to 4 PM, Beachmont 
VFW Post, 150 Bennington St., Revere. Sellers 10 AM. 
Admission $1.00. Sellers tables $6.00 advance, $8.00 at 
door if available. Talk in on 19-79 and 52 direct. For table 
reservations send check to 19-79 Amateur Radio Associ- 
ation, P.O. Box 171, Chelsea, MA 02150. 

MICHIGAN: The Grand Rapids ARA’s annual Swap and 
Shop, Saturday, September 17, Hudsonville Fairgrounds. 
Dealers. Refreshments. Indoor sales area and outdoor 



CALIFORNIA: Sonoma County Radio Amateurs gia 










































































OPERATING EVENTS 

“Things to do...” 

SEPTEMBER 3 AND 4: The Independence FM Radio 
Association will operate a special event station cele¬ 
brating Santa Callgon Days In Independence. Frequen- 

edges. Certificate for large SASE to KD0FW, Mike 
Bogard, 608 Concord Circle, Independence, MO 64056. 


SEPTEMBER 13-17: The Southern Counties ARA will 
operate a special events station at the Miss Amerlc* 
Pageant, Caesars Hotel Casino on the boardwalk In At¬ 
lantic City on a 24-hour basis. Frequencies: Phone - 25 
kHz Inside General band. CW 65 kHz from bottom of 
General band. 80-10 meters. Novice contacts 15 and 40 
meters in the middle of Novice band. Local SCARA re¬ 
peater K2BR at 146.745, output/input down 600. A spe¬ 
cial QSL available lor SASE lo: SCARA. K2BR, Box 121, 
Lynwood, NJ 08221. 


SEPTEMBER 17: The Sweetwater ARC will operate spe¬ 
cial event station WA7USI from an historic site In south¬ 
western Wyoming from 1800Z Sept. 17 to 1800Z Sept. 
18. Frequencies: Up 40 kHz on General phone bands. 
Also Novice. 


SEPTEMBER 17-18: Kansas State QSO Party sponsored 
by Boeing Employees* ARS of Wichita. Sept. 17 - 0100 
UTC to 0700 UTC. Sept. 17 1300 UTC to 0700 UTC Sept. 
18. Sept. 18 1300 UTC to 0100 UTC Sept. 19. All Amateurs 

used. Kansas stations send QSO number, RS(T) and 
county. All others send QSO number, RS(T) and state, 

times In UTC? stations worked*? exchanges, bands’. 




20,1983 and sent to: Boeing Employees' ARS of Wichita. 


c/o Mike Thornton, WA0TAH, 1001 Munnell Avenue, 


Wichita. KS 67213. 


SEPTEMBER 16: The Wisconsin Valley Radio Associa¬ 
tion will operate a special event station from Marathon 
County In north central Wisconsin at the Intersection of 
45 degrees North Parallel and 90 degrees West Meridian, 
near the city of Wausau, exactly halfway between the 
North Pole and the Equator and halfway between the 
Zero Meridian at Greenwich, England, and the Interna¬ 
tional Dateline. Listen for club call W9SM. 7 AM to 7 PM 
CDT. Frequency (depending on band conditions) will be 



vhf/uhf preamp/ 


High 

Performance 


EME‘ 

Scatter 

Tropo 

Satellite 

ATV 

Repeater 
H Equipment 
iio Telescope 


Type Price 

DGFET *29.96 

DGFET *29.95 

GaAsFET *79.95 

DGFET *29,95 

DGFET *37.95 

GeAeFET *79.95 

dgfIt g$ 

GaAaFET $79.95 

Bipolar $32.95 

Bipolar $49.95 

QaKnFFT *79 9R 


P28VD 


P50VDG 50-54 

P144VD 144-146 

P144VDA 144-148 

P144VDG 144-148 

P220VD 220-225 

P220VDA 220-225 

P220VDG 220-225 

P432VD 420-450 

P432VDA 420450 

P432VDG 420450 


Advanced S5KMK?! 

Receiver r™S$»m 

Research 

Box 1242 • Burlington CT 06013 • 203 582-9409 


MRF-247 - 34 

MRF-309 - 27.60 MV2205 - .58 KEMET CHIP CAPACITORS:56 pf, 82 pf, 

MRF-422 - 41.40 78L08CP - .50 100 pf, 390 pf, 470 pf;-.50 ea 

MRF-454 - 20.00 2N4401 - .75 680 pf, 1000 pf;55 ea 

MRF-901 - 1.75 2N5190 - 1.50 5600 pf, 6800 pf, .1 (jf;-1.00 ea 

SBL-1 Double-Balance Mixer - 6.50 .33 of;-1.90 ea .68 uf;-3.90 ea 

CAMBI0N RF CHOKES: .15 ah, .22 ah, .33 ah, 4.7 ah, 10 ah - 1.20 ea 
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS :an-762, EB-27A, EB-63 
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS:5pf,lo P f,15 P f,25 P f,30pf, 

40pf,56pf,60pf,68pf,80pf,91pf,lOOpf,200pf,2 50pf,390pf,4 70pf,lOOOpf 
Wc also carry a line of VHF, UHF amplifiers and ATV equipment. 

Call or write for our free catalog. 

$$ Communication Concepts Inc. s 

2646 North Aragon Ave-Dayton, Ohio 45420-(513) 296-1411 1*5 


P.C. BOARDS FOR MOTOROLA BULLETINS 
00 EB-18A - 12.00 AN-762 - 14.00 

00 EB-27A - 14.00 AN-791 - 10.00 

50 EB-63 - 14.00 EB-67 - 14.00 

58 KEMET CHIP CAPACITORS: 56 pf, 82 pf, 
50 100 pf, 390 pf, 470 pf;-.50 ea 

75 680 pf, 1000 pf;-.55 ea 

50 5600 pf, 6800 pf, .1 hf;-1.00 ea 

50 .33 af;-1.90 ea .68 af;-3.90 ea 

ih, .33 ah, 4.7 ah, 10 ah - 1.20 ea 


OCTOBER 1-9: Special events station KN50 will operate 

Fles'l'a, h A| 1 biSuerque an New 'wexteo °1400 RMBm'uTC 
daily. Frequencies: 15-25 kHz above low end of General 
phone bands For a special QSL card and Balloon Fiesta 
certificate SASE to KN5D. P.O. Box 997, Corrales. NM 


OCTOBER^,2 & 8,9: VK/ZL/Oceanla Contest. The WIA 

October 1 to 1000 GMT. Sunday, October 2. CW: From 
1000 GMT. Saturday, October 8 to 1000 GMT, Sunday, 


contact. Separate logs must be submitted lor each band. 
Summary sheel lo show call sign, name and address, 
equipment used, QSO points for each band, VK/ZL call 
areas worked on that band. WIA VK/ZL Contest Manager, 
VK3BGW, i Noorabll Court. Greensborough, Victoria 
3088, Australia by January 31,1984. 


INTERFERENCE HANDBOOK 

by William R. Nelson, WA6FQG 


HAM RADIO’S BOOKSTORE 

GREENVILLE. N. H. 03048 


2ND Op 


“ " by Jim Rafferty. N6BJ 

Completely revised and updated with all ol the 
latest information, the latest 2nd Op is an indis¬ 
pensable operating aid for all Radio Amateurs. 
The 2nd Op gives you al the Iwisl of a dial: pre¬ 
fixes in use. continent, zone, country, beam 
heading, lime differential, postal rates. QSO and 
QSL record and Ihe official ITU prefix list. Every 
ham needs a 2nd Op. Order yours today. 
©1981, N6RJ s 1st Edition. 

□ HR-OP $6.95 

HAM RADIO’S BOOKSTORE 

_ GREENVILLE, NH 03048 _ 
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“The Old Man" lives 


I don't know how many of you remember "T.O.M." I'm not old enough myself to have read the col¬ 
umn when it first came out (1916-1932?) but I sure became another avid fan of his while pouring through 
old volumes of QST. For those of you who have never had the pleasure, let me introduce you to one of the 
greatest cynical voices of Amateur Radio to have ever existed. 

"T.O.M.'' was a pseudonym assumed by an individual who was gutsy enough to call it as he saw it. He 
recognized situations for what they were and freely voiced his opinion. Usually the subjects were asso¬ 
ciated with either poor operating techniques or poorly functioning equipment. The comments in the form 
of a letter to the magazine would mysteriously appear on the editor's desk without any knowledge of who 
wrote it or where it had come from. There are those who believe it was written by Hiram Percy Maxim him¬ 
self. In honor of the fine gentleman, whoever he may have been, I dedicate the following short piece and 
actively solicit comments. 

Rotten operating. At the top of my list are LISTS. Hate is a strong word, but it sure approaches how I 
feel about self-appointed "gods" who believe it is their inalienable right to "manage" a DX station's callers 
when they themselves have a hard time understanding the DX station because of low signal level at their 
location or a language "barrier." A case in point is a well known French-speaking DX station on 20 meters 
who puts an excellent signal into the East Coast at least. One of the MC's in this case had a hard time hear¬ 
ing and understanding the station while others were copying him Q5. What sense does it make to take a 
list of 100 calls when the band is dropping out? What sense does it make to have two or three MC's trading 
off calls on the same frequency while the DX station just waits? I'm not talking just seconds — I'm talking 
many minutes — precious minutes as the vagaries of propagation does its thing. 

In defense of list operation there are those who say that the DX station requested help and couldn't 
handle the ensuing pile-up alone. I used to feel that way. But come on, folks! What is the real value of that 
contact if your call has been retransmitted by a more powerful station and perhaps even your signal report? 
It cheapens the process and product. (Incidentally, what is the product? I won't get into that now. I'm not 
done with list operation yet.) 

Dear "rare" DX station: If you have a hard time sorting out the horde and want to use an MC, why don't 
you tell him to repeat the following: "The DX station requests all callers to listen carefully, keep all calls 
short and only answer if your letters are acknowledged." Listen to Arild, 3X4EX, some day and see how he 
handles pile-ups — extremely effectively, I might add. If the DX station must have an MC, how about in¬ 
terspersing the list operation with "free" periods during which anyone NOT on the list may call in? The DX 
station just might be very surprised to see how many more stations he can work and also gain some confi¬ 
dence in the process. By the way, DX station, if there is some persistent Amateur calling out of turn and 
you just want to get him off your back, acknowledge him and just forget to log the contact, or more direct¬ 
ly, say so at the time. (That'll either straighten everyone up or create pandemonium.) 

I have to admit that on the lower bands there's more of a temptation to assist a friend or "twenty 
friends." (I've done it myself and have been helped also.) But I've tried to do it right in as rapid fire a man¬ 
ner as possible, not retransmitting calls, and I have been extremely sensitive to even one dissenting voice 
on the frequency. 

There, I've said it. There are many other areas of rotten operating that I can and will address as the need 
arises. Remember folks — this is our hobby — with a stress on the word hobby. Let's go back to basics, 
recalling that it's a privilege to use the frequencies and try to communicate a little more. 

Rich Rosen, K2RR 

Editor-in-Chief 


it. Preliminary returns have been fantastic. I know it’s impossible, and too much to wish for. but if everyone could just take the time to fill out the survey 
what a well-rounded poll that would make. It would help us provide to you the best ham radio magazine of the 80's. 
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AMATEUR RADIO-CABLE TV CONFRONTATION CONTINUES TO HEAT UP , with the ARRL filing a 
Motion for Expedited Action on its previous petition to have cable channels E (2 meters) 
and K (220 MHz) taken away from the cablecasters. That earlier petition, RM-4040, was 
filed in January, 1982, and cited numerous problems Amateurs throughout the country were 
having with cable system leakage. Attempts to resolve the problem through discussions with 
the National Cable TV Association have met with frustration, hence the latest League action 
to push the Commission toward a workable solution. The NCTA received an extension of time 
to file comments on the League's petition, so its response wasn't available at press time. 

Excessive Leakage Will Cost A California CATV Firm a $3000 fine, according to the FCC. 
Times-Mirror table Television was cited for leakage problems with its Encinitas (near San 
Diego) system, which was found to have high signal leakage on many frequencies including 
the Amateur bands. That system had been investigated previously by the FCC, but had 
claimed to have cleared up its leakage problems. 


OCTOBER 28 IS THE NEW DATE FOR STS-9'S LAUNCH with WSLFL/Space/Mobile aboard, after 
delays in checking out some of the mission systems. W5LFL's hand-held is a custom-built 
Motorola, which passed NASA's rigorous compatibility checks after a minor interference 
problem with a telemetry system was found to be due to cable routing. 

WSLFL's Primary Transmit Frequency Will Be 145.550 MHz. with 145.250, 145.530 and 
145.570 as back-ups. lie 11 listen on 144.850, 144.700-144.850 (25-kHz channels), 144.910- 
145.090 (20-kHz channels), plus 145.350 and 145.450. The 25-kHz channel spacing is to 
conform with 2-meter usage in other parts of the world. In all cases he should specify 
the frequencies to which he'll be listening, as well as any special instructions such as 
call areas or states he's looking for, during his "even minute" transmit period. 


EXTENSION OF AMATEUR LICENSE TERMS TO 10 YEARS should be the first Commission action 
for Amateur Radio following the August recess. Present licenses would not be extended, but 
all new licenses and renewals will be for the longer period. It's also expected that the 
present five-year grace period for renewal after expiration will be trimmed to two years. 

Some Other Pending FCC Actions May Be Delayed , however, since the Commission has been 
reduced by law to five commissioners and only four are presently serving, following Anne 
Jones' departure. Few controversial issues are likely to be resolved until another Com¬ 
missioner is on board, to avoid the possible stalemate of a two-two split. 


OSCAR 10'S MODE B TRANSPONDER WORKS BEAUTIFULLY following turn on August 6. Users from 
all corners of the world appeared in the first few days, leading to comments that the down¬ 
link sounded more like 20 meters than 2—complete with pileups! Signals have improved 
steadily, and with the final position tweaking at the end of August, it's possible to work 
through OSCAR 10 well, with an ERP well under 100 watts. 

Some Excessively Strong Signals Have Been Noted , as much as 20 to 30 dB above the 
beacon. Such signals cut down transponder gain, knocking weaker signals out completely. 
Users are asked to limit power so their downlink signals are no stronger than the beacon. 

ARRL CW Bulletins Are Now Carried On OSCAR 10 . 145.840 downlink. Both the AMSAT Tues- 
day night net and Westlink have also been relayed by the new bird. 

Mode L Tests Are Set For Early September ; listen for the 70 cm downlink signals Thurs¬ 
day s~ind~Saturdayi — (OfTy - + - oni~hourfronr5§'CAR 10’s orbital apogee. 

AMSAT 1 s 1983 Annual Meeting Will Be November 12 near Laurel, Maryland. An excellent 
space symposium is planned; call AMSAT at (301) 5B9-6062 right away if you want to attend. 

Two Russian Satellites . RS-4 and RS-5, are no longer being heard and appear dead. 

ARRL WILL ADMINISTER "NO-CODE" LICENSE EXAMS if the FCC adopts no-code and the ARRL 
becomes the exam program administrator. Responding to questioners at the Pacific Division 
Convention, League President W4KFC also stated that membership status and privileges of 
no-code Amateurs would be decided by the League membership. 

BEACON POWER HAS BEEN INCREASED TO 100 WATTS OUT in an addendum to the FCC's recent 
revision of the rules on Amateur power. Beacons had been limited to 100 watts input. 

BELGIAN AMATEURS FACE LOSS OF MANY MICROWAVE BANDS if a bill proposed for the Belgian 
Parliament becomes law. According to G3Wt)G, 432-434 MHz plus the 23, 13, 9 and 6 cm bands 
are all involved. 0N6AT/RTT solicits messages of support from other Amateurs. 

LOG-KEEPING IS NO LONGER REQUIRED OF CANADIAN AMATEURS , after their Department of 
Communications deleted that part of its rules in a surprise move. However, a log showing 
CW activity will still be required in applying for some license endorsements. 

NO MORE REPEATERS WILL BE COORDINATED ON TO 2 METERS in southern California. Follow- 
ing the lead ot the Northern Amateur Relay Council, which recently ended its attempts to 
coordinate 2 meters due to overcrowding, the 2-Meter Area Spectrum Management Association 
(TASMA) agreed that the band could accommodate only a few limited coverage repeaters in 
remote areas. Any uncoordinated machines that appear could be subject to the sanctions 
against intentional interference cited by former FCC Private Bureau Chief Jim McKinney. 
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fan letter 

Dear HR: 

In regard to the heatsink cooling 
fan suggested by Ed. Marriner, (ham 
radio, Ham Notes, July, 1983), per¬ 
haps a better scheme to minimize 
losses and unnecessary heating 
would be to substitute a 1- or 2-/*F 
capacitor for the dropping resistor. 

This provides a use for the old 
"bathtub" capacitors (600V) which 
otherwise seem to end up in the 
trash barrel. 

Fred J. Norvik, W2GH 
Albany, New York 


repeater etiquette 

Dear HR: 

The spectacular growth in the 
number of repeaters has resulted in 
operating practices we can all be 
proud of — as usual, the self-disci¬ 
pline of Amateur Radio operators has 
made itself evident. (A few minutes 
spent listening to the radio services 
that do not have stringent licensing 
standards will convince anyone that 
Amateurs are doing a good job.) 

Some aspects of repeater use 
could use improvement; consider, for 
example, the following: 

Overuse and underuse of call signs. 
Once every ten minutes and at the 
beginning and end of a QSO does the 
trick. Some Amateurs are beginning 
to use call abbreviations — typically, 
omitting the prefix and using only the 
body of their call. This is certainly un¬ 
lawful and confusing to the listener. 


Non-substantia! communications 
— some repeaters are monopolized 
by Amateurs who talk by the hour 
and say very little. They usually break 
politely when asked to by a "call 
please" request but return to their 
meaningless gabbing as soon as the 
interruption has cleared. Another 
problem occurs when people contin¬ 
uously update each other on their 
whereabouts without apparent rea¬ 
son. In one case overheard recently, 
this type of never-ending QSO in¬ 
volved a man and wife who contin¬ 
ually embellished their conversation 
with expressions of endearment. 

The foregoing applies doubly to 
phone patch conversations. This is an 
important privilege; it should be 
guarded carefully. 

It should be apparent that we are 
judged by what we say. I have two 
non-Amateur associates who ride to 
and from work with me. Their com¬ 
ments on conversations we overhear 
suggest what the public thinks. If we 
expect the public's support in matters 
of tvi, rfi, and antenna erection, we 
must at least convince them that we 
use our privileges meaningfully. 
There are hundreds of acceptable 
subjects for discussion, both related 
to and not related to Amateur Radio; 
before you push the microphone but¬ 
ton, ask yourself if you really have 
something to sayl 

Inconsiderate operation — how 
many times have you heard a station 
break into a QSO and take over, ig¬ 
noring one or more of the original 
participants? I was testing an antenna 
not long ago with the help of another 
very cooperative station. Without any 
warning, a friend of the other opera¬ 
tor broke in and interrupted the tests 
for several minutes. He signed off as 
if I were not even there. Eventually 
the tests were completed. Remem¬ 
ber, when you are impolite, a lot of 
people are listening and forming their 
opinion of you (and Amateur Radio). 

There are those who talk only to a 
fixed group and make the newcomer 
feel he did something wrong by just 
trying to say "hello." Single-purpose 
repeaters and nets and closed repeat¬ 
ers may have to be accepted. How¬ 


ever, those who use repeater time 
and exclude others for no good rea¬ 
son ought to think twice: none of us 
has the exclusive right to any Ama¬ 
teur frequency. 

On the whole, in my opinion, re¬ 
peater operation deserves a very high 
mark. With a little more effort, it 
could get itself into the "straight A" 
class! 

George A. Wilson, Jr., WIOLP 
Walpole, Massachusetts 


high spirits 

Dear HR: 

I don't know when I ever enjoyed 
ham radio as much as I did the May, 
1983 issue on antennas. I'm in the 
process of mounting a vertical atop a 
70-foot tower; I don't know how well 
it will work, but I'll try. 

The article on "Log-Yagis Simpli¬ 
fied" was really great; it was a big 
help to me. I just had to write and let 
you know about it. 

Keep the good articles coming. I'll 
be looking for one soon on vertical 
antennas mounted above the beams 
on a tower. 

Fred Jones, WA4SWF 
Louisa, Kentucky 


free QSL's 

Dear HR: 

Help! My poor secretary is being 
buried in a pile of coupons from ham 
radio readers who've requested the 
free QSL cards offered in our August 
advertisement. 

We're making every effort to fill all 
requests as quickly as possible. But 
because of the tremendous response 
to our offer, some hams will have to 

If you've requested QSL cards but 
not yet received them, please be pa¬ 
tient; we'll mail yours as soon as the 
next print order is received. 

Thanks. 

Tom Bluesteen 
Advertising Manager 
RCA Government 
Communications Systems 
Camden, New Jersey 08102 
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Back to basics: 
the fundamentals 
of measurement 


electrical calibration standards 


CHRONOLOGY OF ACCURACY 



fig. 1. Traceability to NBS (National Bureau of Standards) means the stated accuracy of an instrument has been estab¬ 
lished through calibration with equipment whose accuracies have been established directly or indirectly by NBS certified 
references. 

Courtesy ot the Copyright Owner. John Fluke Manufacturing Co.. Inc , 


Calibration — whether it be checking the 
butcher's scales or fine tuning in a radio station — al¬ 
ways involves certain principles and goals. These 
are to achieve accuracy and precision and to permit 
interchangeability in mass-produced items. Along 
with metrology, the science of measurement, cali¬ 
bration gives us confidence in the units of measure 
we use daily. 

Before delving into the specifics of determining the 
five basic electrical quantities (the farad, ampere, 
volt, henry, and ohm), let's discuss and define some 
calibration philosophies. Calibration is the process of 
comparing the readings obtained on test and meas¬ 
urement instruments to those of carefully defined 


references or standards of usually far greater accura¬ 
cy in order to determine and then correct any devia¬ 
tions in the instrument. Two benefits result — uncer¬ 
tainty about the particular instrument under test is 
minimized and the instrument meets the require¬ 
ments for traceability. 

"Traceability" means that measurements can be 
traced back to the National Measurement System. 
(See figs. 1 and 2.). It exists on seven levels, all 
traceable to the NBS (National Bureau of Standards): 


By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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The Tertiary Level includes instruments used for pro¬ 
duction work, quality control, maintenance, and 
general measurement purposes. 

Local Secondary Standards are used for calibration 
work and as references in certain production and en¬ 
gineering areas. 

Transfer and Inter-laboratory Standards maintain or 
represent the basic electrical units locally and are 
sometimes referred to as Local Primary Standards. 
NBS Working Standards are used to calibrate and 
certify local standards, 

NBS Secondary Standards include Transfer, Check, 
and Scaling Standards. They are used to compare 
NBS Working Standards to the Legal Electrical Ref¬ 
erence Units, the values of which are embodied in 
the NBS Primary Standards. 

NBS Primary Standards are derived from the basic 
"SI" Units. 


The International System of Units (SI) is the "glue" 
that holds the whole structure together. 

what is a standard? 

It is possible to build a rugged platinum and iridium 
standard, but that standard would change, over 
time, as it became affected by its environment. While 
a standard could be arbitrarily defined without regard 
to the physical environment, such a standard would 
never be more than arbitrary. We could say that it 
was a standard derived or based upon a previous 
standard, or carefully examine the physical proper¬ 
ties and elements of nature and advantageously base 
the standards on these properties. In actuality, the 
determination and derivation of each of the various 
standards employs some or all four of these 
techniques. 

Consider this. The two most basic units of mea¬ 
surement, length and time, are derived as follows: 



October 1983 03 11 































fig. 3. Basic structure of the first operating calculable 
capacitor, built at NBS in 1960. The calculated "cross 
capacitor" is the average of the capacitance (per meter 
of length) of the capacitor formed by rods A and C and 
that formed by B and D. When the "guard" sections a, 
are kept at the same voltage as A b, b at the same volt¬ 
age as B, etc., then A, B, C, and O are very nearly as if 
parts of infinitely long rods. 


length is based on the meter, which is a set number 
of wavelengths of radiation of the Krypton 86 atom. 
Measurement of time is based on the second, which 
is defined as a certain number of cycles of radiation 
of the Cesium 133 atom in the NBS atomic clock. 

In electronic communications, one of the most 
vital concerns is with the propagation of electromag¬ 
netic waves, the maximum velocity of which is 
limited only by the speed of light. Now that we know 
the exact value of length and time, it is possible — 
through the use of Maxwell's equations in electrody¬ 
namics and electrostatics — to precisely realize the 
relationships existing between permeability and per¬ 
mittivity of free space.* We can now derive one elec¬ 
trical standard from another (a technique mentioned 
earlier), and we do precisely this in the definition of 
the farad, the standard of electrical capacitance. 
Once we define the farad, all other electrical param¬ 
eters fall into place. 

defining the farad 

The farad was really not very precisely defined un¬ 
til 1956 when two Australian physicists, Thompson 

•c (velocity of light) = ~ where ^,/ 0 equals free space perme¬ 

ability and permittivity, respectively. Editor 


and Lampard, contrived a technique of precisely 
measuring the lengths of two parallel metal rods in a 
special configuration, measuring the speed of light, 
and then calculating the value of the permittivity of 
free space. (See figs. 3 and 4.) Extensive work at the 
NBS followed, and these techniques were refined to 
the point where we now know the value of a farad to 
within ±2 ppm (parts per million). Now that the 
farad, the unit of capacitance, is known, determina¬ 
tion of all other electrical units can follow. Impe¬ 
dance to the flow of AC is based on capacitive reac¬ 
tance formulas, and other electrical parameters such 
as current can be defined from this. 

It is known that a quadrature or four-element 
bridge is an electronic circuit that can be used to 
compare the impedance of capacitors, inductors, 
and resistors. (Refer to the lower left portion of fig. 
5.) A stable source of known ac frequency is all that 
is left to power the bridge. Since frequency is the in¬ 
verse of time and since time is quite well defined by 
the atomic clock in the NBS facility in Boulder, Colo¬ 
rado, we are home free. Realizing also that there is 
one frequency, called the resonant frequency, at 
which inductive and capacitive reactances cancel 
one another, we can now define the henry from the 
farad, since the farad is already known. In addition, 
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fig. 5. Derivation chart. 


through an AC-DC transfer technique, the ohm has 
been defined to better than ±0.06 ppm. In other 
words, the ohm was derived by calculating the in¬ 
ductance of a carefully designed coil, taking into ac¬ 
count all physical dimensions and the number of 
turns and type of wire used. 

An ac source was then applied to the coil, and by 
knowing its frequency and being able to calculate the 
coil's inductance, the third quantity in the formula for 
inductance reactance (the resistance in ohms) was 
then derived. 

the ampere 

In Ampere's equation, current and its conductors 
are defined with respect to magnetic force. But first 
— in this hair-splitting business of defining absolute 
standards — force itself has to be very well defined. 
You will recall from physics that force is equivalent to 
mass times acceleration. The mass standard in the 
form of a kilogram bar of iridium and platinum al¬ 


ready exists (in the BPIM, the French equivalent to 
our NBS). Next, we concern ourselves with accelera¬ 
tion — a special kind of acceleration, or the accelera¬ 
tion at local gravity at the site of the experiment. We 
derive acceleration by performing a drop test and 
measuring the distance traveled and the time elapsed. 

Having now established force and inductance from 
previous work on the quadrature bridge arrangement 
as a result of first knowing capacitance and time, we 
can proceed in defining the ampere absolutely by 
placing one free coil inside a fixed coil and attaching 
the free coil to the arm of a balance. Current is run 
through the coils; this counterbalances the grava- 
tional force, attracting a known mass which has been 
placed on the other arm of the balance. By opposing 
the downward force of local gravity on our known 
mass with magnetic fields resulting from the solenoid 
or magnetic "pulling" of our two coils and through 
Ampere's equation, an absolute determination of the 
unit of current, the ampere, is made. 
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the volt 

The last unit to determine in the set of electrical 
standards is the volt. This unit can be determined in 
one of two ways. First, a very precise one-ohm resis¬ 
tor could have one ampere of current passed through 
it; asa result of Ohm'slaw, aone-volt drop would exist 
across this one-ohm resistor (see fig. 6). This very 
precisely determined volt would then be compared to 
some standard saturated cells and the results of this 
comparison would then be the nominal mean value 
assigned to this reference group. By having a num¬ 
ber of standard saturated cells, the drifting of one cell 
to a few millionths of a volt above an actual volt 
would be offset by another cell drifting a few mil¬ 
lionths of a volt in the other direction and collectively 
averaging all readings, a mean or average would then 
be obtained. But there are two problems with this 
technique, which the NBS used until most recently. 
First, the cells drifted; and second, since the volt was 
defined as a result of first determining the ampere, 
the problem was compounded by the practice of pre¬ 
cisely redetermining the ampere only once or twice 
per decade. 

The second method of determining the volt was 
much better and resulted from the work of a British 
physicist, Brian Josephson. In 1962, he published a 
paper entitled "Possible New Effects in Supercon¬ 
ductive Tunneling" and won a Nobel Prize for what 
was later to be known as the "AC (alternating cur¬ 
rent) Josephson Effect." This discovery offers the 
computer industry semiconductor switching speeds 
approaching the speed of light and probably more 
importantly, offers a means by which the absolute 
volt can be very accurately determined. 

To understand this wonderful discovery, let's first 
examine what a Josephson junction is and how it is 
used. In its simplest terms, the Josephson junction 
is a frequency-to-voltage converter. The frequency/ 
voltage ratio is precisely equal to two times the ele¬ 
mentary electron charge divided by Planck's Cons¬ 
tant. The MBS places a resonant thin-film tunnel 
junction in an environment approaching absolute 
zero (0 degrees Kelvin or -273.15 degrees C) (see 
fig. 7). The result is a superconductor. Next, they in¬ 
terface the Josephson junction to an external volt¬ 
age comparator which is connected to a Reference 
Standard Cell and then apply a stable dc supply volt¬ 
age to the junction. This junction is irradiated with 
microwave energy from a Klystron tube that is 
phase-locked or precisely tuned by being locked to 
WWVB, the radio station at the NBS in Boulder, Col¬ 
orado, that broadcasts the atomic time signals. (The 
atomic clock's quartz crystal oscillator is extremely 
accurate, with a short-term frequency stability of 1 
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fig. 6(A) Block diagram of the overall voltage standard 
system, with a Josephson junction voltage reference 
for the potentiometer, which is used to calibrate stan¬ 
dard cells. (B) Josephson junction device mounted in a 
microstripline enclosure (with the cover removed from 
the box). 

Courtesy of John Fluke Manufacturing Co., Inc. 


part per 109.) The Josephson junction then gene¬ 
rates a DC voltage between 1 and 10 millivolts, de¬ 
pending on the microwave frequency. The beauty of 
the system is that the resulting DC voltage has an ac¬ 
curacy approaching that of the Atomic Time Stan¬ 
dard; furthermore, this can be reproduced anywhere 
in the world where WWVB or its equivalent can be 
received by radio and then processed for phase-lock 
control. The total system uncertainty in this voltage 
determining scheme is less than five parts per 10 8 . 

The resulting junction voltage is transferred up to 
the 1-volt level and then used as a check standard on 
a reference group of saturated cells. This small group 
then serves as a check on the working standards used 
for the Bureau's voltage calibration services. 

ham radio 
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rf synthesizers 

for hf communications: 
part 3 


Design and build 
a 5 to 5.5 MHz 
synthesizer 

The first two parts of this series discussed the 
basic PLL. This third section applies the developed 
theory to the design and construction of a 5.000 to 
5.500 MHz synthesizer that steps in 1 kHz incre¬ 
ments, demonstrates synthesizer design, and pro¬ 
vides some solutions to problems that may occur in 
synthesizer design. 

synthesizer specifications 

Loop performance specifications in a communica¬ 
tions application such as an LO in a receiver or trans¬ 
mitter are phase noise, spurious content, and lock 
time. The best phase noise performance can be ob¬ 
tained with multi-PLL synthesizers 1 if space, com¬ 
plexity, and design time are not a problem. But 
because a simple single-loop synthesizer can be 
made more inexpensively and compactly than a 
multi-PLL synthesizer, design and construction of a 
simple single-loop synthesizer will be discussed here. 

As a receiver LO, any spurs around the carrier can 
create spurious responses in the audio output. These 
spurs usually appear as reference feedthrough, 
power line (and harmonic) modulation of the VCO, 
and spurious oscillations in the VCO itself. Spurious 
oscillations in the VCO and power line modulation of 
the VCO are prevented by proper oscillator design, 
which includes good shielding and filtering. Refer¬ 
ence feedthrough is largely a product of proper 
choice of loop parameters (f n , £, etc.) and type of 
phase detector. 

In the design loop, -70 dBc was chosen as a rea¬ 
sonable reference feedthrough limit, and -40 dBc 
for any spurs created by power line 60 Hz (and har¬ 
monics). Since spurs at 60 Hz (and odd harmonics) 
originate largely from the power lines coupling into 
the VCO, shielding is an effective technique for re¬ 
ducing them. 120 Hz spurs are usually the result of 


power supply ripple modulating the VCO and can be 
suppressed by filtering. 

Lock time happens to be not only a function of 
loop bandwidth, but of frequency step size as well as 
the amount of frequency error, the designer con¬ 
siders acceptable for the "lock" state. Lock time for 
frequency synthesizers is usually specified as to 
within some A f of the desired frequency before some 
specified time. Our loop must be within 1 Hz in less 
than 100 ms with a 1 kHz step in VCO frequency. A 
very rough equation for lock time for much less than 
1 percent frequency error (relative to frequency step 
taken) is: 

(lock = 10/fp 

which is about 100 ms for a loop bandwidth of 100 Hz. 

the phase detector 

The design loop with an fRgp = 1 kHz requires a 
very narrow bandwidth to reduce reference feed¬ 
through, while a wide loop bandwidth is required for 
a fast lock time. This design uses a relatively wide 
loop bandwidth (f# = 100 Hz) for rapid lock time. To 
achieve the -70 dBc reference feedthrough require¬ 
ment, a sample and hold (or an approximation of it) 
phase detector was used. 

The phase detector is part of Motorola's 
MC145151 PLL 1C. This phase/frequency detector 
goes tri-state (open circuit) with zero phase error at 
its inputs. As long as zero phase error is maintained, 
there will be no reference feedthrough. However, 
there is always a small amount of reference feed¬ 
through, since zero phase error cannot be maintain¬ 
ed indefinitely because of VCO drift, etc., which 
causes the phase detector to generate occasional 
corrective pulses (at an fREF pulse rate). 

programmable divider 

The MC145151 PLL 1C contains a programmable 
divider usable to at least 15 MHz at a supply voltage 
of 5 volts and a signal voltage of 500 mV peak-to- 
peak. The maximum division ratio is 16,383. It uses a 
straight binary input (not BCD), which facilitates link¬ 
ing to a computer, though not thumbwheel switches. 

By Craig Corsetto, WA60AA, 4312 Marlowe 
Drive, San Jose, California 95124 
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the VCO 

In this narrow-loop bandwidth synthesizer design 
low spurious content and good phase noise perform¬ 
ance directly relate to the VCO physical and electrical 
design. In addition it is also important that the VCO 
has a low frequency drift rate (to reduce reference 
feed-through), linear transfer function (to keep loop 
bandwidth and damping reasonably constant), and 
be well filtered and shielded (to reduce modulation of 
the VCO by power supply ripple and induced 60 Hz 
from power wiring). 

VCO frequency drift can increase reference feed¬ 
through by forcing the phase detector to generate 
correction pulses (which are not completely filtered 
by the loop filter) which in turn modulate the VCO. 
This is especially important when the reference fre¬ 
quency is close to the loop bandwidth, as is the case 
in this loop. Common contributors to frequency drift 
are the varactor diodes, toroidal core inductors in the 
resonator (if used), or excessive power in the reso¬ 
nator (unfortunately one of the requirements for a 
high signal-to-noise floor ratio for the oscillator). 


Because a short lock time is required and fREF is 
close to the loop bandwidth, then K V co must be fair¬ 
ly constant across the VCO frequency range in order 
to hold the loop bandwidth close to its designed 
value (and therefore reference feedthrough). Usually 
all that is required is to use the most linear section of 
the VCO tuning curve; its size dependent upon an ac¬ 
ceptable value of nonlinearity. If the section of the 
VCO tuning curve used is small, this means a higher 
Kvco. ancl the VCO will be more sensitive to un¬ 
wanted signals on its tune line. The approach chosen 
here is to use a linearizer in combination with the 
VCO (fig. 1) to very closely approximate a linear VCO 
tuning curve (constant K v co>- 

the VCO linearizer 

Fig. 2 shows the tuning curve for the VCO used in 
the design loop, with its 4.3:1 variation in KycO’ 
Since this is significantly more than the 1.1:1 varia¬ 
tion in Kn, (across the synthesizer frequency range) 
the effects of Kn on loop gain can be neglected in the 
following analysis. 

With Kyco the major cause of loop gain variations, 
its effects on f n and £ can be calculated: 

= JKJMAX) _ ^ = 2 07 (1) 

K, (MIN) 

Assuming that the loop bandwidth is 100 Hz and 
the damping factor equals 2 when the loop gain is 
greatest (i.e. Kyco is at its maximum), then the ef¬ 
fect of the 4.3:1 variation of Kyco can be calculated: 

f.--==£=== 

V2£ 2 + 1 + vY2£ 2 +1) +1 

= 100/4.25 = 23.53 Hz (2) 

And/„ (MIN) = /„ (MAX)/A k 
= 23.53/2.07 = 11.37 Hz 
t(MIN) = $(MAX) / A k = 2/2.07 = 0.97 



fig. 3. Adding the linearizer transfer function to that of 
the VCO to achieve a linear transfer function. 
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ffi = fn Jit 2 + 1 + VT-2F +V 2 +1 

= 11.37 Hz (2.44) = 27.74 Hz (3) 

which results in a 100/27.74 (3.6:1) change in loop 
bandwidth with its resulting effect on lock time. 

The linearizer is designed to have a response that is 
the inverse of the VCO (nonlinear) transfer function 
so that when the linearizer is added to the VCO it will 
have the effect of producing a linear VCO tuning 
curve with constant K V co (fig- 3). 

The linearizer is implemented (fig. 4) using resis¬ 
tor/diode sections 2 and a voltage divider network in 
order to individually modify the slope of the linearizer 
transfer function as each resistor/diode section is 
forward biased. (As V L decreases, successive diodes 
are turned on modifying the slope of the V L versus V t 
curve). 

The method used to design the linearizer required 
the following steps: 

1. plotting K\/co versus V t and then determining the 
VCO range to be linearized, 

2. calculating the quantity of resistor/diode sections 
required for the maximum allowed variation in Kvco 
(realizing that this is only a segmented approximation 
of the required transfer function to achieve a linear 
VCO tuning curve), 

3. calculating the voltages for the voltage divider, 

4. calculating the resistor values for the resistor/ 
diode sections. 

The VCO frequency range to be linearized is 
roughly 4.92-5.6 MHz which allows for some drift in 
frequency. The Kvco at these two frequencies are 
1070 (10 3 ) and 250 (103) rad/sec/volt. The number of 
resistor/diode sections needed for the linearizer are 
approximately: 

, K vco (MAX) 

log — - 

s K vco (MIN) 

log AK VC0 (4) 

where AKvco is the allowed variation in Kvco after it 
is linearized. For the design loop, it was decided that 
Kvco will be allowed to change by only 30 percent so 




AKvco = 1.3. (Once again, neglecting Kn, if Kvco' s 
the only source of loop gain variation, it varies only 
by 30 percent, then f n and £ will vary only by the 
square root of this, or 14 percent. This is acceptable.) 

Therefore the number of resistor diode pairs need¬ 
ed are: 


log 


10701103 ) 
250 (1Q3) 
log 1.3 


= 5.54 


It is decided to use 5 resistor/diode pairs instead of 6 
even though this means a slightly higher error. This 
error is approximately: 


AA vco = 


10 


log 


K vco (MAX) 

KyCO (MIN) 


= 10 


1.337 


(5) 


Knowing AKvco the voltage divider voltages can 
be calculated. In fig. 5 a mark for every 33.7 perent 
increase in Kvco (starting at the low end of the Kvco 
plot, or 250 (10 3 ) in the example) corresponds to a 
voltage on the VCO tune line, V t . If all the calcula¬ 
tions are computed correctly, then the last computed 
point should correspond to the maximum Kvco °f 
the range over which the linearizer was designed to 
work (1070 • 10 } ). 


Kvco 

(B) 

= 1.337 Kvco (A) 




= 1.337 • (250 * 103) = 334.25 • 

103 

Kvco 

(C) 

= 1.337 Kvco (B) 




= 1.337 •(334.25*103) = 446.89* 

• 103 

Kvco 

(D) 

= 1.337 Kvco (C) 



= 1.337 • (446.89 • 10 3 ) = 597.5 • 103 
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Kvco (E) = 1.337 Kvco(D) 

= 1.337 • (597.5 • 103) = 798.8 • 103 


and fora check 

Kvco(F) ~ 1-337 Kvco (E) 

= 1.337 • (798.8 • 103) = 1068 • 103 


which is very close to 1070 • 10 } = Kyco(MAX). 

The corresponding trip voltages (where the 
resistor/diode combination starts conducting) are: 


V A = 12.25 volts 
Vb = 9.35 volts 
Vc = 7.70 volts 


Vp = 6.05 volts 
Ve = 4.60 volts 
Vp = 3.50 volts 


The voltage divider component values are chosen 
such that the current through them is much higher 
than the maximum current through the diodes to 
keep the voltages Va through Ve constant. 

To calculate the resistor values R1 through R5 and 
Rp, the voltage V|_that corresponds to the voltage V t 
(especially at the trip voltages Va through Ve) must 
be determined. This is done by letting Va' equal Va 
and then linearly scaling the voltages Vp' through 
Vp' such that these voltages are always less than 
their corresponding voltages Vb through Vp (fig. 2). 
This means that V[_ will swing through a larger range 
of voltages ( -9.25 to 12.25) than V t , (3.5-12.25) as 
detailed below: 


V A ' = 12.25 (V A ' = V A ) 

V B ' = 8.2 (V B ' < V B ) 

V C ' = 4.9 (V C ' < V C ) 

V D - = 1.4 (V D - < Vp) 

V E ' = -3.25 (V F ' < V E ) 

V F ' = -9.2 (V F - < V F ) 


By assuming perfect diodes (i.e., no forward volt¬ 
age drop), resistors R1 through R5 can be determin¬ 
ed. To keep the current through the diodes at a mini¬ 
mum Rp should be fairly high (46.4k chosen here). 
By knowing what voltage the Ijnearizer requires at its 
input (V(_) to generate a corresponding voltage at the 
output, (V,) (fig. 2) resistors R1 through R5 can be 
calculated (fig. 6). 

Power supply ripple is kept off the VCO tune line 
by using a Darlington transistor with a large RC time 
constant in its base that buffers the voltage to the 
linearizer voltage divider. 

Ideally, the linearizer provides a perfectly constant 
Kvco across the VCO tuning range. Because the line¬ 
arizer is synthesized using linear segments (and these 
linear segments are really nonlinear due to the imper¬ 
fect diodes), there will still be a non-constant K v co 
(non-linear VCO tuning curve), though vastly im¬ 
proved. Fig. 7 shows the measured Kvco versus Vl 
using the linearizer and is compared to fig. 5 to show 
the improvement. The error appears to be very close 
to the calculated value of 33.7 percent. 


loop filter 

With Kyco almost constant and K<j, and Kn defin¬ 
ed, the loop filter components can now be determin¬ 
ed. Looking at fig. 7, the minimum and maximum 
values for K v co a re: 

Kvco(MAX) = 250 • 103 
Kvco(MIN) = 190 • 103 
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The values for K N (MAX) and K n (MIN) were as 
stated before: 

K n (MAX) = 200 • 10-6 
Kn(MIN) = 181.82 • 10-6 

= 0.398 volts/radian 

Assuming K VC0 (MAX) occurs at K N (MAX) and 
Ky C o(MIN) at Kn(M1N) (for worse case open loop 
gain variation) then: 

K t (MAX) = 19.9 
Kt(MIIM) = 13.75 

Variations in f n and £ are: 



It was decided to have a damping factor of approx¬ 
imately one, but since it will vary by A K = 1.2 the 
lower value of £ will be set at £ = 0.95 and the max¬ 
imum value will then be £ = 0.95(1.2) = 1.14, 
which, as discussed before, corresponds to the max¬ 
imum loop bandwidth of 100 Hz. Using this informa¬ 
tion both f n (MAX) and f n (MIN) can be calculated: 


f n (MAX) = 


MM AX) 

J 2& +1 + V (2k 2 + 1)S~T1 

= 100/2.708 = 36.92 Hz 


and 

f n (MIN) = f n (MAX)M K = 36.92/1.2 = 30.77 Hz 


With maximum values of damping, loop natural 
frequency, and loop gain known, the two time con¬ 
stants for the loop filter can now be determined. 



<2 


At fyco = 5.00 MHz the loop gain is at its max¬ 
imum corresponding to maximum values for f n , f/j, 
and £. Using these maximum values the time con¬ 
stants are: 


tj 


<2 


19.9 

(2ir36.92) 2 

2(114) 

2tt36.92 


= 369.8 ns 


= 9.828 ms 


Using minimum values of K t , /„, and £ should pro¬ 
duce the similar results: 


calculated using ti and t2, there are two areas that 
will restrict the values of R1 and Cl and should be ex¬ 
amined (fig. 8). These areas are leakage currents and 
phase detector output current. 

With the loop in lock the phase detector is in an 
open-state mode and does not "source" or "sink" 
current to the integrator, thereby allowing the inte¬ 
grator to hold its charge. Therefore the voltage out of 
the loop filter is constant. However, leakage currents 
will either add or subtract charge from the integrator 
capacitor causing the loop filter output voltage to the 
VCO to vary, changing its frequency. The loop then 
corrects for this frequency shift during the next refer¬ 
ence frequency clock cycle. This means that a signal, 
at a frequency equal to the reference frequency and 
of an amplitude dependent on the leakage current, 
will be on the VCO tune line and thus modulate it 
(reference feedthrough). 

Given the equation for the integrator: A Vqut 
- I/C (At), where I is the leakage current, At = 1/f, 
and C is the integrator capacitor {Cl), C is really the 
only variable available to the designer. (f^EF is fixed, 
and I is the leakage current of both the phase detec¬ 
tor in its open circuit mode and the bias currents of 
the (LF-356) op-amp used in the integrator. The 
leakage current for the phase detector is 1 
nanoampere and for the op-amp is about 10 pico 
ampere. The phase detector leakage predominates 
and so the op-amp leakage can be neglected.) 

With maximum acceptable spur level of -70 dBc, 
and knowledge of K v co<MAX), the maximum refer¬ 
ence feedthrough voltage on the VCO tune line can 
be approximated, then the smallest value of Cl for 
that reference feedthrough voltage can be calculated 
(given the leakage current). 


Vl (P -P) = 


P SSB 

8irf m 10 20 
K VC o(MAX) 


-70 

8* (1kHz) 10 20 
250 • 103 


= 31.8/iV(p-p) * 32/tV(p-p) 

where V L = (p-p) reference feedthrough signal 
voltage 

Pssb = single sideband spur level in dBc 
f m = reference feedthrough signal frequency 


h 


tz 


1375 
(2w30.77) 2 
2(0.95) 
2 tc30. 77 


367.8 /is 
9.83 ms 


Although the loop filter components could now be 


The minimum value of Cl is: 


Cl (MIN) = (I) 


At 

AV 


= 1 nA /J-m O = 0.031 /tF 
V 32 MV / 
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RI(MIN) = (5-2.51/500^ = 5000 ohms 


— 

9 _ 




r 



-l 



fig. 8. Phase detector (in its open-circuit mode) plus 
loop filter. 


where I is the leakage current and V is the calculated 
reference feedthrough voltage for a -70 dBc spur 
level. 

The smallest value of R1 is determined by the max¬ 
imum current the phase detector can develop which, 
for the MC145151 is about 500 /*A. With the maxi¬ 
mum phase detector voltage of approximately +5V 
and the other extreme at (a virtual) 2.5V then: 


The loop filter components can now be calculated 
by letting R1 = 5000 and solving for Cl: 

Cl = t,/R1 = 367.8/is/5000 = 0.0736/rF 

which fortunately happens to be greater than the 
minimum value for Cl calculated before. Letting Cl 
take on a more practical value. Cl = 0,068 fiF, R1 
can be recalculated: 

R1 = 367.8 /rs/0.068 /iF = 5410 ohms 
Calculating for R2: 

R2 = t 2 /C1 = 9.83 ms/0.068 fiF = 144.5K 

or 147K, a common value in 1 percent resistors. Both 
R1 and Cl are within the desired limits. 

For prefiltering ahead of the loop filter R1 is split 
into two series resistors and a capacitor is tied be¬ 
tween their common points and ground. 

A unity gain inverter using a low noise op-amp 
follows the loop filter for required signal inversion 
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for negative feedback in the phase-locked loop. 
Another filter pole is added to the loop by the addi¬ 
tion of a 0.01 fiF capacitor across the inverters' 
feedback resistor. Like the pre-filter ahead of the 
loop filter, this pole is located at a frequency well out¬ 
side the loop bandwidth. 

loop performance 

This synthesizer (fig. 9) performed according to 
specifications immediately after completion. The 
only problem was excessive 60 Hz (and its odd har¬ 
monics) spurs which were solved with proper shield¬ 
ing. A Hewlett-Packard HP8568 spectrum analyzer 
was used to measure phase noise and spurious 
responses. Fig. 10 uses a wide-frequency sweep to 
show the general "cleanliness" of the synthesizer 
output for large frequency offsets from the carrier. 
The noise pedestal around the carrier is that gener¬ 
ated by the spectrum analyzer. 



fig. 11. SSB phase and amplitude noise spectrum for up to 6 
kHz offset. Spurs are actually two noise peaks centered 
around the reference feedthrough spur. 



fig. 10. Phase and amplitude noise spectrum of the synthe¬ 
sizer for large offset frequencies ( + 500 kHz). 


Fig. 11 is a SSB phase (and amplitude) noise 
plot of the synthesizer output using a 5-kHz linear 
sweep. The spurs are caused by the phase detec¬ 
tor; examined closely, they can be seen to be two 
noise peaks centered around where the reference 
feed-through spur should be. Upon close examina¬ 
tion the reference feed-through was greater than 
-70 dBc, as designed. Unfortunately temperature 
effects on phase detector leakage current were not 
taken into account (as well as the variations in leak¬ 
age current among MC145151's) and the -70 dBc 
spur requirement isexceeded as the MC145151 heats. 

Fig. 12 is a narrow spectrum view of the synthe¬ 
sizer using a 500 Hz sweep. This shows what rea¬ 
sonable shielding and filtering can do to minimize 
spurs. The 60 Hz spurs, originally only -30 dBc, 


fig. 12. Close in phase and amplitude noise spectrum of syn¬ 
thesizer showing no perceptible 60 Hz or harmonic related 


were reduced an additional 15 dB by optically 
shielding the varactor diodes, and by more than 30 
dB through magnetic shielding of the synthesizer. 
The 120 Hz spurs were taken care of by using a Darl¬ 
ington transistor as an active filter for supply lines to 
sensitive parts of the synthesizer (i.e., VCO, 
linearizer, etc.). 

Fig. 13 is a phase noise plot of the synthesizer at 
5 MHz. Since the phase noise past the loop band¬ 
width (offset frequencies greater than fp = 100 
Hz) is equivalent to that of the open loop VCO, while 
loop bandwidth and damping are held fairly con¬ 
stant, then the phase noise plot taken at any other 
frequency within the synthesizer range will be essen¬ 
tially identical. 

The lock time was examined by changing the 
programmable divider by one (Afvco = 1 kHz) and 
measuring the voltage settling time at V[_ for a 
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fig. 13. Phase plus amplitude noise for the synthesizer 
at 5.000 MHz. 


roughly 1 percent frequency error. This turned out to 
be about 30 ms, much less than the lO/fy calculated 
(which shows just how rough an estimate of 10/fp 
is). 

using the Bode plot 

Another method used in designing the loop filter, 
as well as a check and debugging aid, is by using 
the Bode plot. This is done by plotting the transfer 
function of K t = K VC o K n, then plotting the 
desired transfer function of K# K F K vco K N . Sub¬ 
tracting the two gives the required transfer function 
of the loop filter from which the time constants for it 
can be derived. 



In the example loop, K t = 19.9 (at fyco = 5.0 
MHz). A plot of K, would have a 6 dB/octave slope 
crossing zero at a frequency of: 

f = K t /27r = 19.9/2 tt = 3.2 Hz 

The desired open-loop response, K# Kf K VC o k n 
(fig. 14) crosses the desired bandwidth = 100 Hz 
with a 6 dB/octave slope at unity gain, then in¬ 
tersects and assumes the 12 dB/octave slope of a 
line that crosses unity gain at: 

r _ . fP . —- = 19 .4 Hz 

si 2& + 1 + V (2P + I) 2 + 1 

where the desired value of damping is one. 

Subtracting K t from Kp Kyco Kn (the desired 
total open-loop response) gives Kp as shown in fig. 
14. The 6 dB/octave slope of Kf levels off at fz at 
A = 30 dB. The resistor ratios for the loop filter (fig. 
8) are: 

R2/R1 = Y = 10A/20 = 10 + 30/20 = 31,62 
The time constants are: 

t 2 = 1/(2xf z ) = 1/(2x 15.5Hz) = 10.27 ms 
ti = t 2 /Y = 10.27 ms/31.67 = 324.2 ^s 
As expected, these are very close to the earlier 
designed values. 

This plot could further include all poles and zeros 
in the loop to spot potential problems (i.e., too much 
phase shift where it may cause loop instability). 

conclusion 

This synthesizer should work fairly well as an LO 
for a receiver or transmitter if a 1 kHz step is small 
enough. For a synthesizer requiring smaller frequen¬ 
cy steps a different configuration may be used, in¬ 
loop mixing with a VXO being a good choice. 

It is important to realize that this synthesizer 
wanted a fast lock time with low reference feed¬ 
through, and paid a rather high price — i.e., inclu¬ 
sion of the linearizer — for it. If a longer lock time is 
acceptable (lower f^ to accommodate variations in 
loop gain), the linearizer can be left out of the circuit, 
simplifying the design. However, in the application 
for which this synthesizer will be used (frequency 
scanning), a rapid lock time is desirable. It also must 
be mentioned that as f^ decreases, the loop will have 
increasing difficulty in tracking mechanical vibra¬ 
tions, and even its own VCO drift. 
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vertical phased arrays: 
part 4 


Feed network design 
using L-match circuits, 
7 r and tee coax-equivalent 
circuits 


Previous articles of this series on vertical phased 
arrays 1 - 2 - 3 concentrated on the design of the physi¬ 
cal aspects of arrays: element length, radius, spacing 
and ground planes. The latest article 3 dealt with elec¬ 
trical measurements of the arrays and calculation of 
driving-point impedances. Knowing the required 
drive current amplitude and phase for each element 
of the array pattern selected, and knowing the mea¬ 
sured values of self- and mutual impedances, we can 
calculate the driving-point impedance of these ele¬ 
ments. The importance of this cannot be over-em¬ 
phasized; because of mutual impedance effects be¬ 
tween elements, driving-point impedances of ele¬ 
ments in an array are not fixed entities. Each ele¬ 
ment's driving-point impedance depends upon the 
amplitude and phase of the drive currents — not just 
upon its own drive current, but upon the amplitude 
and phase of the drive current of every element in 
this array. A change of the current amplitude or 
phase to any element results in a driving-point impe¬ 
dance change of every element together with a 
change in all current amplitudes and phases. Examin¬ 
ation of the set of simultaneous equations defining 
these driving-point impedances illustrates this 
relationship: 

Z, = £;//; = Z,1 + I 2 Z 12 /Ij 

+ I3Z13/I1 + • • • + l n /Z {„/1} (1) 

Z 2 - E 2 /I 2 = IjZ 12 /l 2 + Z 22 

+ I3Z23/I2 + • • • + I n Z 2n /h 


Z n = E n /I n = I,Z ln /I n + I 2 Z 2n /I n 

+ hZin'I,, + • • • + z nn 

where Z h Z 2 , • • •, Z n are element driving-point im¬ 
pedances 

Ei, E 2 , •••,£„ are element impressed 
voltages 

h, h> • • •> /„ are element drive currents 
Zih Z 22 , • • •, Z nn are element self im¬ 
pedances 

Zj 2 , Z13, Z 23 , ■ • v Zi n , Z 2n , Z 3n are mutual 
impedances between pairs of elements 
(All terms can be complex.) 

For example, suppose the drive current I 2 to ele¬ 
ment 2 changes. Since l 2 appears in the equation for 
every element, all driving-point impedances, currents 
and voltages are affected. The self and mutual impe¬ 
dances do not change, even though it is the mutual 
impedances that cause this interaction. 

An array is a coupled system, automatically adjust¬ 
ing to any change with a new set of currents and 
phases, which again simultaneously satisfies all the 
equations. There is an infinite number of such solu¬ 
tions, but orily a few result in useful array patterns. A 
feed network must be designed that when connected 
to the terminals of each element, applies the proper 
voltage amplitude and phase, causing the required 
drive currents to flow. If this condition is met, then all 
conditions are met. (It may now be clearer why I 
have been emphasizing the importance of physical 
and electrical symmetry of the elements.) As the ar¬ 
ray direction is switched, each port of the feed net¬ 
work continues to "see" the same driving-point im¬ 
pedance it was designed for, even though each port 
is now feeding a different element. Exact symmetry 
is probably the most difficult condition to meet in 
practice because it depends upon more than just sim¬ 
ple duplication of physical elements; it also depends 
on duplication of the environment adjacent to each 
element: for example, ground planes or other nearby 
conductors that might act as antennas. 

By Forrest Gehrke, K2BT, 75 Crestview Road, 
Mountain Lakes, New Jersey 07046 
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feed networks 

Just as there are an infinite number of solutions to 
the set of equations defining the driving-point impe¬ 
dances of an array, there are almost as many ways to 
design networks fitting the one solution required. 
Some designs are better than others, resulting in 
more bandwidth for usable F/B (front-to-back) ratio 
or low SWR. As a general rule, the simpler (that is, 
the fewer stages in the network), the better, but 
there are exceptions. 

For superior F/B performance, for all network de¬ 
signs, the designer must know the driving-point im¬ 
pedance of each element. In this respect, vertical 
phased arrays are more critically affected by element 
variations than Yagis are by height variations. For 
multiple-element arrays, cookbook recipe duplication 
attempts are almost guaranteed to miss optimum 
current drive conditions by 10 percent. This is 
enough to reduce the F/B performance by 50 per¬ 
cent or more. 

basic design objectives 

Some basic design decisions must first be made: 
what type of circuit elements should be used? 
Should the design have the objective of a 1:1 SWR 
match to the array feedline? Feed networks may be 
devised using coaxial cables as circuit elements. Al¬ 
though simple in construction, there may be techni¬ 
cal and cost drawbacks. Series or stub coaxial cable 
sections, provided one has a wide enough selection 
of different characteristic impedances and lengths, 
could be used for a network that matches to the 
feedline. The cost would be high and bandwidth nar¬ 
rower than the array's intrinsic F/B capability. 

As a special case, for arrays operating with 90- 
degree current phase multiples and equal current 
amplitude ratio element pairs, 3 an approach suggest¬ 
ed by W7EL 4 makes use of the unique characteristic 
of a 1 /4-wavelength line to produce a constant 90- 
degree phase displacement between input voltage 
and output current, independent of the load termina¬ 
tion. If two such lines are connected to a common 
feedpoint, equal current will flow into the loads re¬ 
gardless of their termination impedances. The cur¬ 
rent phase displacement between the two loads is 0 
degrees, but this may be changed to 180 degrees by 
insertion of a 1 /2-wavelength line in series with one 
of the lines. (The phase displacement of a 1/2-wave¬ 
length line also is independent of the load impe¬ 
dance.) A 90-degree current phase displacement, as 
was pointed out earlier in this series, 1 cannot be ob¬ 
tained by insertion of a 1 /4-wavelength line when the 
termination is reactive. Therefore, instead of insert¬ 
ing an additional 1/4-wavelength line, a lumped-con¬ 
stant phase correction circuit based upon the calcu¬ 
lated driving-point impedances is inserted. It pro¬ 


vides a drive current phase of 90 degrees and the cor¬ 
rect amplitude at the element(s). The input voltage 
amplitude and phase to the correction circuit must be 
designed to be the same as that of the common con¬ 
nection point of the array. SWR of the array can be 
minimized by proper choice of the characteristic im¬ 
pedance of the coaxial cable feeder lines but cannot 
be designed fora 1:1 condition. This approach, based 
upon this unique characteristic of 1/4-wavelength 
lines, which are also the element feedlines, is limited 
to arrays where this length is able to physically reach 
the directional switch. If not possible, a further 172- 
wavelength line has to be added to each feedline to 
maintain the basis of the design concept. 

This article provides sufficient information to en¬ 
able the reader to design a feed network for any con¬ 
ceivable array. There are no restrictions on array 
spacings, current amplitude ratios or phase displace¬ 
ments. The elements must be alike, but they need 
not be resonant. Conventional or not, if the array 
you've been able to fit onto your property has a use¬ 
ful pattern, a feed network can be designed to drive it 
at the needed conditions. Such versatility requires 
complete design freedom — freedom to use any 
characteristic impedance, to transform to any input 
resistance, regardless of reactive load impedances. 
Coax is an excellent means for transmission of RF 
energy between physically separated points. If it also 
fills a role as a specific circuit element, so much the 
better. But as a circuit element where the physical 
spacing does not require it, coax is confining; with 
only two characteristic impedance choices common¬ 
ly available (there are perhaps two more, but neither 
is easy to find), one is constantly making com¬ 
promises and designing around this limitation. Fur¬ 
thermore, ease of circuit adjustment is not notable. 
On the other hand, 7r and tee coax-equivalent 
lumped-constant circuits may be designed for any 
exact characteristic impedance or any electrical 
length, whether lagging or leading phase, and are 
easily adjusted. And surprisingly, low impedance 
lumped constant circuits of the same levels as coaxial 
transmission lines display comparable characteris¬ 
tics, even when designed for fairly large single incre¬ 
ments of phase displacement. Table 1 compares co¬ 
axial cable with a 45-degree x circuit cascaded with a 
45-degree tee circuit operated as a 1/4-wavelength 
transformer. Off-frequency phase variation and 
development of input reactance compares very 
favorably with coaxial transmission line. 

Rounding out the list of network building blocks 
are the shunt and series input L-match transforming 
circuits. Included are the two special cases of this cir¬ 
cuit, where the series or shunt branch is absent, 
which I will call a Parallel and a Series impedance cir¬ 
cuit, respectively. Figs, 1A through IF are schema¬ 
tics of all of these circuits. 
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why a 1:1 SWR? 

For multi-element arrays the objective of a 1:1 
match to the array feedline does not stem from an 
obsession with SWR. A low SWR provides no signif¬ 
icant measure of an array's efficiency or usable FIB 
bandwidth. Designing for an SWR of 1:1 simplifies 
network design calculations and electrical tests. 
However, the real value is the instant array condition 
conveyed every time an SWR measurement is made. 
A failing relay in a directional switch or a network 
malfunction is quickly detected, even if this circuit is 
to an element requiring very little power. Such a 
failure may raise the SWR from 1:1 to 1.1:1, for ex¬ 
ample, while the same failure in an array normally 
showing 2:1 will not be noticed. At "smoke" test 
time it removes uncertainty; a 1:1 SWR represents 
an unambiguous confirmation of the accuracy of 
array measurements, network design, and con¬ 
struction. 

As an illustration of the step-by-step design pro¬ 
cedure for an array feed network, I will use the 
popular 2-element array. The same array will be used 
to show the error that arises in many 2-element ver¬ 


tical array feed arrangements. From Part 3 of this 
series, 3 the driving-point impedances of two 1/4- 
wavelength resonant elements spaced 1/4-wave¬ 
length apart with unity current ratio and 90 degree 
phase displacement, are: 

Element 1 Element 2 

Z, = 21.4 - jl3 Z 2 = 51-4 + jl3 

1, = 1181. h = 1 i-^90° 

Assuming 50 ohm 1/4-wavelength feedlines, using a 
Smith Chart or by calculation, the element driving- 
point impedances rotated to the input ends of the 
feeders are: 

2/ = 78.3 + j34.91 Z 2 = 44.82 - j 13.08 

At element drive conditions of 1 ampere with a 
phase displacement of -90 degrees between ele¬ 
ments, the voltages and currents that must be ap¬ 
plied to the inputs of these feeders in polar form are: 

/; = 0 12 135.0° 1 2 = 1.07 116.3° 

E, = 30 ml E 2 = 30101 

Notice that the current phase change in the two 
equal 1/4-wavelength feeders are 55 degrees and 
106.3 degrees (90 degrees + 16.3 degrees). Next a 
1/4-wavelength 50-ohm delay line is added to the 
feedline from element 2. Rotating the impedance to 
the end of the delay line we find these conditions: 

Z 2 = 31.4 + jl3 

1 2 = i mi. 

E z = 33.34 /106.3° 

These are the conditions that must exist at the in¬ 
put ends of the feeders from each element for the 
assumed drive conditions. The current phase delay 
through the delay line is less than 90 degrees, (90 de¬ 
grees - 16.3 degrees, or 73.7 degrees, the differ¬ 
ence between the input and output angle). Observe 
that the input voltage amplitudes and phases are not 
alike at the input ends of the coaxial lines from the 
two elements. But these two terminals are normally 
connected together; clearly two different voltages 
can't coexist here. Since the difference is fairly small, 
the actual drive conditions that result if connected 
anyway will be acceptable, though the F/B ratio will 
diminish. The choice of 1/4-wavelength element 
feeders just happened to provide this fair agreement. 
I estimate the actual phase displacement between 
elements to be about 115 degrees and the current 
amplitude ratio about 1.15. The 1/4-wavelength 
delay line didn't produce a 90-degree delay and the 
delays in the two equal length feeder lines were une¬ 
qual; these are all quite different results from what is 
often assumed to occur. 

Some writers have assured us we can use any 
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length feeders as long as lengths are kept equal. 
Let's see how we fare following this advice using 
3/8-wavelength 50-ohm feeders for the same array: 


Element 1 


Element 2 


Z, = 21.4 - j15 
I, = 1 /0° 

E, = 26.13 / - 35.03° 


Z 2 = 51.4 + j15 
l 2 = 1 / - 90° 

E 2 = 53.54 / ~ 73.73° 


back to the resistive components of the element 
driving-point impedances for this determination. 
These are 21.4 and 51.4 ohms, respectively. At 1 
ampere to each element the total drive power is the 
sum of the l 2 R inputs, or 72.8 watts. Using the rela¬ 
tionship E 2 /R = W, and substituting 50 ohms (the 
characteristic impedance of the array feed-line) 
for R: 


135° Feeder 
Z, = 63.58 - j53.98 
I, = 0,58 / 148.56° 
E, = 48.39 / 108.22° 


135° Feeder 

Z 2 = 37.43 + j2.67 

l 2 = 1.17 / 51.66° 

E 2 = 43.97 / 55.75° 

1 /4 wavelength delay line 
Z 2 = 66.46 - j4.75 
l 2 = 0.88 / 145.75° 

E 2 = 58.60 / 141,66° 


Note: ail impedances, voltages , and currents are input conditions — that is, 
looking towards the load. 


Using 3/8-wavelength feeders, the input voltages re¬ 
quired to be applied to each chain are very different. 
If these terminals are tied together the drive condi¬ 
tions to the elements will be far from intended. Con¬ 
clusion: element feeders are an integral part of the 
feed network for a phased array; their circuit charac¬ 
teristics must be taken into account. 

designing for optimum drive 

While it is possible to solve for the undesirable 
drive conditions that would result from making this 
connection, why bother? It is better to start with the 
correct design. While doing so, suppose a 1:1 SWR 
match to a 50-ohm array feedline is included. This 
would require that the paralleled input impedances of 
the networks from each element be 50 ohms pure re¬ 
sistance. Assuming lossless conditions, we can go 


E 2 = 50(72.8), or E = f~3640 = 60.33 volts 

Having established the array feedline voltage am¬ 
plitude for this drive power, we can calculate the re¬ 
quired resistive inputs for each element's network. 
Rearranging, R = E 2 /W: 

Ri = 3640/21.4 = 170.09 ohms 
for network, No. 1 input 
R 2 = 3640/51.4 = 70.82 ohms 
for network. No. 2 input 

As a check on calculations it is useful to do the paral¬ 
lel conductance calculation: 

1/R, + 1/R 2 + • • • + 1/R„ = 1/Z 0 (2) 

Starting again at the end of the 3/8-wavelength 
feeder to element 1, one possibility is an L-match 
network, transforming directly to 170.09 ohms pure 
resistance. L-match circuit component calculations 
involve a square root extraction, guaranteeing at 
least two solutions. (Under certain circumstances, 
there may be four solutions.) While all solutions pro¬ 
duce the intended transformation, they do so with 
differing phase displacements, with at least one of 
those displacements being a leading phase. Remem¬ 
bering that element 2 is starting 90 degrees behind 
the first, fewer stages in the network usually result if 
a leading phase L-match is chosen for element 1. 

Shown in table 2, beginning with the driving-point 
impedances and working forward to the common 
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connection of the array, are the input parameters of 
each circuit. Fig. 2 shows the schematic and compo¬ 
nent values at the design frequency of 3.8 MHz. 

At the inputs of each network chain, E t and E 2 are 
equal in amplitude and phase; the two inputs may be 
connected together without disturbing drive condi¬ 
tions. Their paralleled resistive inputs represent a 50- 
ohm resistive load, as designed. The ir coaxial- 
equivalent network was added to the element 2 chain 
only to show how this type of network circuit is used 
to match the voltage phase at the common connec¬ 
tion of the array network. In this example the agree¬ 
ment that happened to be achieved at the input to 
the 2 element shunt L-match is sufficient; the x net¬ 
work can be omitted. 

4-terminal networks. The design procedure for 
producing exact matching at the required array con¬ 
ditions has been demonstrated. Before proceeding 
with other examples, the design equations for these 
circuits are presented. All network circuit compo¬ 
nents are reactances and assumed to be lossless. 
Subscript a denotes the series load termination com¬ 
ponents, R a + jX a , instead of the more commonly 
used Rl + jXi , to avoid any confusion with jXi_, as 
an inductive reactance. 


Series input L-match. X 2 must be calculated first. 
Note that X 2 is the shunt arm of this circuit, 
however. 


- R m X a ± J R m R a (R a 2 + X a 2 - R m ~Rgj 
R in - R a ° 


-X 2 fR a 2 + X a (X 2 + XJ ] 
Ra 2 + (*2 + XJ2 


( 6 ) 


Which form should be used? Usually, the shunt in¬ 
put L-match is the only form possible if R in is equal to 
or greater than R a . Besides, the arithmetic is easier! 
The series input L-match is used when R in is less 
than R a - There is a set of circumstances, however, in 
which the series form can be used even if £,•„ is 
greater than R a . Inspection of the equation for the 
series form calculation of X 2 will show this case 
when Rm is greater than R a and when (R a z + X a 2 - 
Rin Ra) is equal to or greater than zero. Four solu¬ 
tions, two series and two shunt L-matches, then 
result. These additional options, if available, are 
often useful, allowing a smaller phase displacement 
or more (physically) realizable set of components as a 
result. 


L-match circuit. This circuit can take two forms 
(see fig. 1A and IB), termed Shunt Input and Series 
Input L-matches. Though this circuit consists of only 
two components, its analysis is relatively complex. 
The calculations for either form include a square root 
extraction, resulting in two possible sets of com¬ 
ponents for any desired impedance transformation. 
Either set works; one set often has a leading phase 
angle, while the other may lag. The absolute value of 
the angles are not necessarily equal nor always of op¬ 
posite sign! The component set may have the same 
reactance sign; that is, both may be inductive (+) or 
both capacitive (-). The circuit is sometimes refer¬ 
red to as an L-C match, but it could also be an L-L or 
C-C match. A more apt description is L-match, taken 
from the similarity of its schematic representation to 
the letter “L". 

Shunt input L-match. The series arm component 
X 2 , must be calculated first, since its value is used in 
the calculation for the second component: 


x coaxial-equivalent circuit (fig. 1C). The x circuit 
and the shunt input L-match will be found to be the 
most frequently used circuits for vertical phased ar¬ 
ray feed networks. The type used here is set up as a 
reversible network — that is, the input and output 
can be interchanged without affecting operation, just 
as with coaxial cable. Reactances X } and X3 are 
always equal and if capacitive, then X 2 is inductive. 
At the design frequency this particular configuration 
shows the same properties as coax. As the frequency 
is varied, the phase displacement starts differing 
from that obtained with coax, the difference being 
larger the greater the equivalent "length" of the cir¬ 
cuit. If, instead, multiple sections, each an equal in¬ 
crement of the total phase displacement, are cascad¬ 
ed, the combined network approaches coaxial cable 
characteristics. This should be expected since the 
equivalent circuit of coax is a series of infinitesimally 
small it sections. The design equations are relatively 
simple: 


X 2 = - X a ± -jR a (R in - Rajohms 

(3) 

X 2 = Zgsind ohms 

(7) 


(4) 

Zosin6 

Xi ~ X) = 2 — C os S ° hms 

(8) 


where R a and X a are the series equivalents of the 
load termination and 
R m is the desired input (pure) resistance. 

Close attention must be paid to signs. A positive re¬ 
sult indicates an inductance, while a negative sign is 
a capacitance. 


where Z 0 is the required characteristic impedance 
6 is the electrical length in degrees 

A positive sign indicates an inductance while a nega¬ 
tive sign indicates capacitance. 

If a leading phase, say 30 degrees, is desired, this 
would be equivalent to 330 degrees in electrical 
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length if coaxial cable were used. Substituting 330 
degrees in these equations causes X 2 to be negative 
and X / and X j to be positive; the appropriate capaci¬ 
tance and inductances can then be calculated from 
the relations: 

C - 1 /oX and L = X/oi (9) 

where oj = 2irj, f — frequency in Hz 

Half-wave section (180 degree electrical length) ir cir¬ 
cuits are taboo, since the calculated circuit values are 
physically unrealizable. At the least, two separate 90- 
degree sections are suggested to achieve this "elec¬ 
trical length.” 

Tee coaxial-equivalent circuit (fig. ID). This cir¬ 
cuit is used in the same applications as the t circuit. 
Alternated with ir networks in equal increments of 
electrical length, network characteristics can be 
made to equal or exceed coax (assuming coax of the 
same characteristic impedance is available for com¬ 
parison). For applications requiring a leading phase 
displacement only one inductance (for the shunt 
arm) is necessary, sometimes simplifying con¬ 
struction. The design equations are: 

X 2 = — Zq/sin d ohms (10) 

v „ Z 0 (1 ~ cos 6) , 

X i = X; = -;— - ohms (11) 

where Z 0 = required characteristic impedance 
0 = electrical length required in degrees 

As with the n network, a positive sign indicates in¬ 
ductive reactance and a negative sign, capacitive 
reactance. Also, 180 degree sections cannot be 
physically realized and require at least a 2-section 
cascaded network to achieve that displacement. 

Series impedance circuit (fig. IE). This circuit is 
used when H ln is equal to R a and the load has a 
reactance X a . The series matching impedance is 
simply the reactance of the opposite sign. 

X = - X a ohms (12) 

Parallel impedance circuits (fig. IF). 

x = - |x a + ~ J ohms (13) 

The parallel matching reactance has the opposite 
sign of the parallel equivalent reactance of the load. 
The series and parallel circuits can be thought of as a 
shunt input L-match — with one of its circuit bran¬ 
ches either equal to infinity or zero impedance, 
respectively. 

These conditions occur when R in = R a or 

x a = yj R a (Rin ~ 


Either circuit should be considered, particularly when 
the load has a relatively large reactance compared to 
its resistive component. The circuit is simple, and 
cascaded with a following L-match circuit, results in 
a broader bandwidth network. 

design limitation and 
other considerstions 

Some design hints may be helpful to understand¬ 
ing the use of these circuits: 

1. The L-match circuits first require selection of the 
input resistance wanted, transforming from any out¬ 
put impedance. Phase displacement, however, can¬ 
not be pre-defined, though the direction, lead or lag, 
may be chosen. 

2. Single L-match impedance transformation ratios 
exceeding 5-to-1 should be avoided. Above that 
ratio, expect to see increased frequency sensitivity 
and resultant reduction in bandwidth. For high 
ratios, consider transforming in step increments of 
resistance using several L-matches or combinations 
of L-match and rr or tee circuits (the latter as 1/4- 
wavelength transformers). 

3. In this particular application, 7r and tee circuits are 
always designed for pure resistance terminations. 
These circuits are designed to act as a 1/4-wave¬ 
length transformer, or as a specific coaxial-equiva¬ 
lent length, leading or lagging, of transmission line. 
Choose any characteristic impedance, but keep in 
mind that large (more than ± 90 degree) increments 
of angular displacement, especially at high impe¬ 
dances, reduce bandwidth. 

4. Cascaded circuits may each have a capacitor at 
their common connection points, which are then in 
parallel. For example, see fig. 3 showing a 567 pF 
and 392 pF capacitor at a common connection point. 
The two values may be added and a single capacitor 
placed at that junction. However, until the network 
has been tested, it is useful to keep the circuits inde¬ 
pendent for separate adjustment. 

designing networks for 
multi-element arrays 

Armed with the design equations for simple 4-ter¬ 
minal networks, we can now examine feed networks 
for arrays consisting of several elements. If the array 
is one requiring a phase angle multiple, for example, 
0, 90, and 180 degrees, or 0, 100 and 200 degrees, 
and all feedlines are equal in length, the simplest net¬ 
work may result if the middle element is treated as if 
it were the reference element of the array. The re¬ 
spective networks for the array end elements are de¬ 
signed to lead and to lag the middle element. Then 
neither has to be designed to span a large angular 
displacement, and fewer stages result. 
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3-element in-line array. This array has a particularly 
deep F/B ratio extending over a wide azimuthal sec¬ 
tor. We should be especially interested in taking ad¬ 
vantage of this capability. Since the middle element 
has the same drive-point impedance regardless of ar¬ 
ray direction, there is no need to make its feeder 
equal in length to other feeders. Assuming the direc¬ 
tional switch is located five feet from the middle ele¬ 
ment, equal length end element feeders are brought 
to the center area. At 3.8 MHz, using 0.66 velocity 
factor coax, these are 66 feet (139.1 degrees) and for 
the center element, 5 feet (10.5 degrees) with a Z 0 of 
50 ohms. Assuming an array of 3 resonant 174- 
wavelength elements, spaced a quarter-wavelength 
apart, with current amplitude ratios of 1,2,1 and 
phase relationships of 0, -90, and -180 degrees, 
respectively, the driving point impedances are 
Z, = 15.4 - jl7, Z 2 = 36.2 + jO and Z 3 = 
75.4 + j43. (Part 3 showed these values incorrect¬ 
ly). 5 As was done with the 2-element array example, 
the feed network is matched to the 50-ohm array 
feedline. The sum of the I 2 R input power terms, as¬ 
suming 1 ampere to the first and third elements and 2 
amperes to the middle element, is 235.6 watts. Using 
the E*/R = w relationship, this establishes an am¬ 
plitude of 108.54 volts at the array feedline connec¬ 
tion. At that point the input impedances for each ele¬ 
ment's network are the pure resistances: 

Z t = 764.94 + jO 

Z 2 = 81.25 + jO 

Z 3 = 156.23 + jO 


The sequence of input parameters at each junction of 
the networks is shown in table 3. 

The resulting network is shown in fig. 3. Illustrated 
in this example is the application of the parallel circuit 
and the use of leading and lagging phase L-match 
circuits. Here, element 1 is used as the reference ele¬ 
ment of the feed network. A parallel impedance cir¬ 
cuit is used to transform the impedance seen at the 
input end of the feeder to a pure resistance. This is 
then transformed to the pure resistance required for 
the chain with a shunt input L-match chosen to pro¬ 
duce a leading phase change. The resulting input 
voltage then becomes the objective for the other two 
network chains. 

Triangular array. The triangular array feed network 
demonstrates still another technique for simplifying a 
feed network. Since elements 2 and 3 operate at 
identical conditions, the inputs of their transmission 
line feeders may be paralleled and fed from a com¬ 
mon network. Fig. 4 shows the two feeders con¬ 
nected to a shunt input L-match, and being trans¬ 
formed directly to a resistive input. This is then cas¬ 
caded with a tee circuit having a sufficiently leading 
phase displacement to equal the voltage amplitude 
and phase of the element 1 network. The array termi¬ 
nation is designed to match a 50-ohm transmission 
line. Part 3 incorrectly showed the driving-point im¬ 
pedance of element 1. The correct impedance is 
Zi = 20.4 - jlO. Table 4 shows the sequence of in¬ 
put parameters at each network junction. 

4-square array. The 4-square array obviously re¬ 
quires a more complicated drive network. The look- 


42 B9 October 1983 











alike middle elements present the opportunity to con¬ 
nect their feedlines in parallel, simplifying the design 
somewhat. The 4-square element driving-point impe¬ 
dances are highly reactive, making any drive network 
more frequency dependent. There is the further 
question of the directions the driving-point impe¬ 


dances take as frequency is changed from design 
center. The relatively small amount of measurements 
I have taken to examine this question indicate a not 
unexpected similarity to Yagis. Array performance 
falls apart more rapidly on the low-frequency side of 
design center than on the high side. Whether a drive 
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table t. Comparison of impedance, voltage and current phase, and SWR variations wi 

th frequency, of 90 degree length of 

coax and a cascaded 45 degree tt cir 

cuit and 45 degree tee 

circuit, both acting as a 50-ohm characteristic impedance 1/4- 

wavelength transformer. Load termination is 75 ohms pure resistance; the center design frequency is 3.75 MHz. 

frequency 





MHz 



coax 

ir and tee 

3.55 


Zj n 

33.46 - j2.33 

33.45 - j 1.86 



l 0 /|j 

0.67 / -86.8° 

0.67 /-86.33° 



E 0 /E| 

1.49 /-82.82° 

1-50 /-83.15° 



SWR 

1.5 

1.498 

3.65 


An 

33.37 - jl.16 

33.36 - j0.91 



\J\, 

0.67 /_-88.4° 

0.67 / -88.15° 



E 0 /E( 

1.5 / -86,4° 

1.5 /-86.58° 



SWR 

1.5 

1.5 

3.75 


Zin 

33.33 + jO 

33.33 + jO 



l 0 /lj 

0.67 Lz 9Q° 

0.67 /_- 90° 



E 0 /E, 

1.5 / -90° 

1.5 / -90° 



SWR 

1.5 

1.5 

3.85 


Z in 

33.37 + jl .16 

33.36 + j0.88 



l 0 /ij 

0.67 / -91.6° 

0.67 / -91.88° 



E 0 E, 

1 .5/-93.6° 

1.5 /-93.39° 



SWR 

1.5 

1.5 

3.95 


Z in 

33.46 + j2.33 

33.45 + jl .72 




0.67 / -93.2° 

0.67 /-93.79° 



E 0 /Ei 

1.49 / -97.18° 

1.5 /-96.74° 



SWR 

1.5 

1.498 

Note: .equal input current 

and voltage, respectively. i o , e o equal outp 

ut current and voltage, respective!' 



network can be designed to reduce this tendency is a 
question. Perhaps the best alternative is to set the 
design center frequency on the low end of the in¬ 
tended operating range, recognizing that the opti¬ 
mum F/B bandwidth is a narrow frequency band of 
about 2 to 3 percent. 


Using the driving-point impedances from Part 3 for 
a 4-square consisting of 1/4-wavelength resonant 
elements, spaced a quarter-wavelength apart, and 
phased 0, -90, -90, -180 degrees with current 
amplitude ratios 1,1,1,1, respectively, input param¬ 
eter sequences of a suggested drive network are 


table 5. Network input parameters for a 4-square array. 



element 1 

element 2 

element 3 

element 4 

Z, 3.4 - j12 

Z 2 39.4 - j17.5 


Z 4 63.4 + j47.5 

1, 1 /0° 

l 2 1 / -90° 

l 3 1 / -90° 


E, 12.47 L~ 24.18° 



E 4 79.22 /-143.16° 

100° coax 

100°coax 


100°coax 

Z, 403.97 + J387.1 

Z 2 62.39 + j22.57 

Z 3 62.39 + J22.57 

Z 4 22.73 - ill.37 

1, 0.09 /46.88° 

l 2 0.79 / - 12.43° 

l 3 0.79 /-12.43° 

1, 1.67 /-74.97° 

E, 51.33 /90.66° 

E 2 52.73 /7.46° 

E 3 52.73 /7.46° 

E 4 42.44 /-74.97° 


elements 2 63 paralleled 


L-match 

L-match 

L-match 

Z, 2141 + jO 

Z2.Z3 

92.39 - jO 

Z 4 114.83 + jO 

1, 0.04 /-17.37° 


0.92 /42.04° 

l 4 0.74 /15.2° 

E, 85.32 /-17.37° 

E2.E3 

85.32 /42.04° 

E 4 85.32 /.15.2° 

tr circuit 



Tt circuit 

Z, 2141 + jO 



Z 4 114.83 + jO 

1, 0.04 /42.04° 



l 4 0.74 /42.04° 

E, 85.32 /42.04° 



E 4 85.32 /42.04 0 
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given in table 5 with the schematics shown in fig. 5. 

Reaching the center area of a 4-Square array 
whose elements are spaced 1 /4 wavelength with 1/4 
wavelength feeders is a problem. Coax with a velo¬ 
city factor greater than 0.71 is required. Unfortunate¬ 
ly, most foam dielectric cables have velocity factors 
around 0.71, allowing little or no slack for placement 
of and connections to a directional switch and the 
feed network. Since a lumped-constant network im¬ 
poses no restriction on element feeder lengths, I 
have chosen 100° for these feeders (at 3.8 MHz, 
47.45feet), which is more than sufficient. 

The input ends of the feeders to the two middle 
elements are paralleled and a shunt input L-match is 
used to transform this combined load directly to the 
desired pure resistance at the common connection to 
the array. The input voltage for this chain is the 
design objective for the networks feeding the remain¬ 
ing elements. Consequently, after transforming the 
other elements to their required pure resistances 
(equalling 50 ohms when all networks are paralleled), 
coax-equivalent 7r circuits are used to match the 
voltage phase required at the common connection of 
the array. 

coming soon 

In a forthcoming article in this series I shall cover in 
detail a method of calculating simple 4-terminal net¬ 
works based on matrix algebra. As with many mathe¬ 
matical procedures, application of the procedures to 
the solution of problems doesn't necessarily depend 
upon a complete understanding of the underlying 
theory. It is a tool simplifying what is otherwise a te¬ 
dious process. The calculation procedures are struc- 


table 4. Network inpu 

t par 

ameters fora triangular array. 

element 1 

ele 

ment 2 element 3 

Z, 20.4 - jlO 

Z 2 

784 + j4 Z 3 78.4 + j4 

1 , 1 /Sl_ 


0.5/-90° | 3 0.5 /-90° 

E, 22.72 /-26.11° 

e 2 

39.25 /-87.08° E 3 39.25 /-87.08° 

90° Coax 

90 

Coax 90° Coax 

Z, 98.81 + J48.43 

z. 

31.81 - jl .62 Z 3 31.81 - j 1.62 

1, 0.45 /63.89° 

l 7 

0.79 /2.92° l 3 0.79 /2.92° 

E, 50 /901 

e 2 

25 Z0° E 3 25 101 

shunt input L 


elements 2 & 3 paralleled 

Z, 146.08 + jO 


shunt input L 

1, 0.37 12 9.22° 


Z 2 ,Z 3 76.02 + jO 

E, 54.59 /29.22° 


l 2 ,l 3 0.72 /65.70° 

E 2 ,E 3 54.59 /65.70° 

Z 2 ,Z 3 76.02 + jO 
l 2 ,l 3 0.72 /29.22° 

E 2 ,E 3 54.59 /29.22° 


fering equations for matrix values), making it ideal for program¬ 
mable calculators or small computers. For the same reason, the 
procedure easily lends itself to chained calculations, allowing 
fast analysis of a cascade of networks. 


reference 
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a one-weekend, 

2-meter amplifier 


30 watts from 
an easy-to-build project 
using low-cost components 

After years of operating on two-meter FM with a 
tube-type radio, I decided it was finally time to re¬ 
place it with something less demanding on the car's 
electrical system. My purchase of a synthesized 
hand-held transceiver spurred me to develop an am¬ 
plifier which would provide a mobile system with the 
same capabilities as the tube rig, but with lower 
power consumption. That amplifier is described 
here. 

evolution of the amplifier 

I've never seen an amplifier design that is quite 
what I needed to meet these design requirements: 1- 
watt drive for full output (30 to 40 watts), low cost, 
ease of construction, and long-term reliability. I de¬ 
cided to build one based on a two-transistor circuit. 

The 2N6080 and MRF238 transistors were readily 
available at low cost. This particular combination 
provided an excess of drive power between stages; 
however, this helps make the amplifier wideband, 
and ensures continued operation near rated output 
under low-battery conditions. The power consump¬ 
tion consequently is slightly higher than necessary, 
but still much less than that of an equivalent tube- 
type radio. 

To make the amplifier easy to duplicate and tune, I 
decided to use printed-line inductors instead of dis¬ 
crete coils. The next step was to calculate the impe¬ 
dance-matching networks. Motorola's excellent 
application notes 1 were used to do this. Once calcu¬ 
lated, the networks were verified using "The Elec¬ 
tronic Breadboard." 2 Data for the inductors was ob¬ 
tained from references 3 and 4. Once built, the 
matching networks were modified empirically. 

The resulting circuit is shown in fig. 1. The input¬ 
matching network consists of Cj,C2,C3,Ci3, and Lj. 
The interstage network uses 04,05, and L2, and the 


output network is made up of L3,06,07,Cs and C14. 
Power-supply decoupling is very important and is 
achieved by C9-C12, RFC2, RFC4, and feed-through 
capacitor C15. 

The 1N540 diode serves two functions. It protects 
the amplifier by clipping inductive spikes from things 
like starter motors. It also protects the amplifier 
against reverse polarity of the power supply, by caus¬ 
ing the line fuse to blow. 

Once the amplifier was constructed and working, 
some means of transmit/receive switching was 
needed. PIN diodes are state-of-the-art and small, 
but not readily available. The alternative was to mod¬ 
ify an open-frame relay, as described in reference 5. 
The relay circuit is actuated by RF from the exciter. 
Its driver circuit is shown in fig. 2. 

construction 

Once the design is completed, the circuit board 
must be constructed. I used a 9-1/4 x 2-3/4 inch 
(23.5 x 7 cm) piece of G-10 board with copper on 
both sides. Orr* highly recommends short, direct 
paths, and this philosophy was followed. The induc¬ 
tor and RF-transistor connecting pads must be laid 
out first. It is important to realize that these are 
printed inductors and not transmission lines; there¬ 
fore, the copper material on the reverse side of the 
board must be removed under the inductors. If this is 
not done, the amplifier will not work. 

Although straight-line inductances are shown in 
fig. 3, this is not mandatory. The important param¬ 
eters are average path length and the path width. 
Next, lay out the power-supply line — remember it 
carries several amperes and must not have any ap¬ 
preciable resistance. Finally, allocate an area for the 
modified T/R relay and its driver circuit, and lay this 
out. The layout that I used is shown in fig. 3. 

This layout is simple enough to reproduce directly 
on the board, using ordinary electrical tape and trim¬ 
ming it to size with a sharp blade. After the layout is 
completed and verified, etch the board using stan¬ 
dard techniques. (I used ferric chloride.) 

By James A. Sanford, WB4GCS, 509 Forest 

Drive, Casselberry, Florida 32707 
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After the board is made and drilled, mount it to the 
heatsink using 1/8 inch (0.32 cm) spacers 5/16 inch 
(0.79 cm) in diameter. Mount the RF transistors to 
the heatsink, using a thermal compound to ensure 
good heat transfer. If a torque wrench is available, 
torque the hardware to six inch pounds (0.68 Ntm). 
Otherwise, tighten it until a moderate resistance is 
felt, using a wrench no longer than three inches. 
Make sure you hold the stud to prevent it from mov¬ 
ing. Avoid overtorquing the stud on the transistors or 
they could be damaged. Also, be sure that the top 
and bottom ground planes are connected together in 
at least six places. 

After the transistors are mounted to the heatsink, 
solder them to the PC board. The transistors are 
mounted before soldering to avoid excessive (dam¬ 
aging) stresses on the leads during mounting to the 
heatsink. 

Next, mount the capacitors and chokes, keeping 
the lead lengths as short as possible. Follow the parts 
layout in fig. 4. Mount the relay, using either metal 
hardware or epoxy glue. Wire the input and output 
coax lines to the relay, and then install the relay- 
driver components. The input and output coax con¬ 
nectors can be mounted directly on the PC board, or 
made part of the cabinet and connected by short 
lengths of coax. This completes the actual construc- 

Carefully check the wiring against the circuit dia¬ 
gram. Pay close attention to transistor orientation 
and placement of the variable capacitors. The ampli¬ 
fier is now ready for a "smoke test." 



testing 

Connect the amplifier to a 12-volt source through a 
fuse of 10 amperes, a 50-ohm load, and a driver. Ap¬ 
ply power and monitor the idling current — it should 
be low (a few mA). With some means of measuring 
output to the load, apply drive to the amplifier. The 
relay should switch to the transmit position. If it 
doesn't, check the relay-control circuit and try again. 

Once the relay transfers, you should see some RF 
output. If not, adjust the input tuning until you see 
some low value of output. Then peak the output net¬ 
work for maximum output. Next, peak the interstage 
and input networks for maximum output. Repeat the 
entire procedure until no further increase in output 
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fig. 3. (A) Layout of the top (component) side of the 
printed circuit board; (B) Layout of the bottom side of 
the printed circuit board. 



can be seen. The output should be between 30 and 
40 watts, depending on drive level and power-supply 
voltage. The input SWR should be very close to 1:1. 
Measure the power supply current, which should be 
between 4 and 6 amps. Keep in mind that the duty 
cycle should be kept low until the tuning has been 
completed. Pay close attention to transistor 
temperatures - they will get warm, and excessive 
temperature can result in catastrophic failure. 

final assembly 

The enclosure is up to you. I soldered together 
double-sided circuit board to make a simple, cheap, 
and RF-tight enclosure. After the amplifier is placed 
in the enclosure, recheck the output — there should 
be little change. 

Amateurs often ignore a basic fact of heat transfer 
and fluid flow: hot air rises. The heatsink needs to be 
mounted in such a way that the hot air can flow un¬ 


impeded. This means that the fins must be vertical. I 
have seen far too many installations where heatsink 
fins are horizontal, reducing efficiency. The obvious 
benefit of doing this right is increased reliability and 
long life. 

results 

I installed the amplifier in my car and it has been 
working well for several months. Output power and 
gain as a function of frequency are shown in fig. 5. 
Though not perfect, the bandwidth is certainly ac¬ 
ceptable for use on the two-meter band. During sev¬ 
eral months of operation, no degradation in perform¬ 
ance or change in tuning has been noted. This 
attests to the long-term stability and reliability of the 
amplifier. 

One aspect all too often neglected by Amateurs is 
that of spurious outputs. This amplifier was checked 
on a spectrum analyzer with gratifying results. There 
were no measurable outputs other than the one de¬ 
sired. As close as could be measured, the output was 
a faithful reproduction of the input. When modulated 
with a single tone, the TR-2400-and-amplifier combi¬ 
nation exhibited textbook response, clean and sym¬ 
metrical, with no hint of instability or distortion. The 
insertion loss in the receive mode is negligible. 

The total time needed to build and test this ampli¬ 
fier was less than one weekend, including fabricating 
the circuit board. The final product was a reliable 30- 
watt amplifier capable of being driven to full output 
by a 1-watt hand-held transceiver. 

parts 

One of my pet peeves is people who describe 
equipment that is very nice to build, but uses hard-to- 
find, or outrageously expensive, custom-manufac¬ 
tured components. This amplifier uses readily avail¬ 
able components, and I will cite my sources for non- 
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fig. 5. Plot of output power and amplifier gain as a 
function of frequency. Note that the response is useful 

over much of the two'meter band. 
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junk-box parts. The transistors came from Semicon¬ 
ductor Surplus. I obtained the circuit board and ce¬ 
ramic trimmers from a local surplus outlet, but these 
are seen at every hamfest and in the advertising 
pages of ham radio. The chokes came from the junk 
box and are not critical. The ferrite beads are avail¬ 
able from Amidon and others, and also at hamfests. I 
have modified several types of junk-box relays, and 
all worked well in this circuit. 

You can make some substitutions. The chokes are 
not critical; just be sure to use ferrite beads to lower 
the Qand prevent low-frequency oscillations. I used 
ceramic trimmer capacitors, although compression 
or piston types would probably also work. Whatever 
type is used, it must be capable of withstanding the 
rf currents involved. This is especially important in 
the output circuitry. If you have access to a good ca¬ 
pacitance meter, you can build the amplifier using 
various capacitors, and then substitute fixed-value 
chip capacitors, such as those made by Unelco. This 
will provide maximum reliability. 

The most critical part is the heatsink — if it is not 
adequate, the transistors will not survive. I used one 
6 x 3-3/4 inches (15.24 x 9.83 cm). If you have a 
bigger one, so much the better. The more area avail¬ 
able for heat transfer, the cooler the transistors will 
run. 

To ensure adequate cooling in the hot Florida sun, 

I placed a fan on the heatsink to help keep tempera¬ 
tures low. This may not be necessary, but is good in¬ 
surance to help the amplifier last. To date there have 
been no thermal problems, even with temperatures 
inside the car higher than 100 degrees F. 
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conclusion 

I would welcome any comments or suggestions. 
Please include an SASE if a reply is desired. Printed 
circuit boards may be available. Contact the author 
for details. 
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vacuum tube substitution 


Using one tube 
in place of another 
saves time, trouble 

Radio Amateurs always keep a supply of spare 
parts and vacuum tubes on hand, but when a 
vacuum tube fails and an exact replacement is un¬ 
available, the Amateur has two choices: either to buy 
a new tube — which may be expensive or scarce — 
or find a substitute. 

Because a substitute tube may be cheaper than 
the original, and perhaps easier to obtain, this article 
discusses tube substitution in general and rectifier 
tubes in particular. 

Unfortunately, tube substitution handbooks aren't 
always very useful. This would not be so if most of 
the substitutes were listed, but this is seldom the 
case. For some tubes, no substitutes are listed; for 
others, suggested substitutes denoted by suffixes 
such as G, GT, and GTA may differ only slightly from 
the original and be as costly or as difficult to obtain. 
Sometimes substitutes may be as hard to find as the 
originals themselves. (Receiving tube manuals may 
be more helpful in that they list many tubes which 
have identical base diagrams and are thus inter¬ 
changeable if they have similar or superior 
characteristics.) 

Tubes with the same kind of base but with differ¬ 
ent terminal diagrams require only minor changes in 
socket wiring for substitution. Tubes with the same 
kind of base and known terminal diagrams, but dif¬ 
ferent filament or heater voltage, may also be used; a 
higher voltage requires a different filament trans¬ 
former or secondary winding, and a lower voltage re¬ 
quires a dropping resistor in series with either one of 
the two socket terminals. The resistance of the drop¬ 


ping resistor is determined by Ohm's law: the drop in 
voltage is divided by the current in amperes. The 
power rating must exceed the product of these fac¬ 
tors, or E*l watts. Current differences are seldom 
important. 

If a substitute tube has a different base than the 
original, it requires a very different socket unless a 
suitable adapter is available. It is both difficult and 
impractical to change bases on old tubes; the 
absence of separate bases permits only socket rewir¬ 
ing for substitution. 

tube-base history 

Early vacuum tubes were often baseless or had 
only bases for filaments. Candelabra bases, Edison 
medium screw bases, and Ediswan bases were com¬ 
mon. From 1915 to 1927 various 4-pin bases and 
sockets were tried, with varying success. In 1923 the 
famous UV199 and UV201A triodes were introduced. 
Their UV bases had solder-filled brass pins which 
made butt-end contacts with flat socket contacts. 
The solder tips often corroded badly, so some tips 
were gold-plated and later, in 1925, UV bases were 
superseded by UX bases with long pins for side¬ 
wiping contacts with ordinary metals. 

In 1927 the 27-triode detector-amplifier was intro¬ 
duced to avoid hum in new AC receivers. It had a 
unipotential or heater-type cathode and required a 5- 
pin base. The then-new 24A screen-grid tube or tet¬ 
rode, also of heater-type, needed a 5-pin base and a 
top cap for connection to the control grid. The ad¬ 
vent of pentodes, beam power tubes, and multifunc¬ 
tion tubes led to 6- and 7-pin bases and often top 
caps. The use of 4- to 7-pin bases practically ended in 
1935 when octal-base tubes were introduced. 

Most tubes required no more than seven active 

, By Carleton F. Maylott, W2YE, 279 Cadman 
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pins, but the 6L7 pentagrid mixer required all eight 
pins plus a top cap, for a total of nine connections. 
Miniature baseless tubes, which began to replace oc¬ 
tal tubes in about 1950, are usually 7-pin or 9-pin 
types. Some multi-unit tubes have ten or twelve 
pins. 

The first vacuum tube rectifiers on the market 
were the half-wave UV216 in 1921, (replaced by the 
UX216B in 1925), and the full-wave UX213 in 1925, 
which was superseded by the UX280, (now simply 
80), in 1927. These tubes, sold by RCA, were devel¬ 
oped by GE and Westinghouse, respectively. Unlike 
other types, rectifier tubes largely survived the trend 
to more than 4-pin bases from 1927 to 1935. Octal- 
base rectifier tubes have endured over the years, as 


demonstrated by the presence of approximately fifty 
rectifier tubes in the octal-base list (table 1). Notable 
exceptions to the 4-pin and 8-pin rectifier preference 
are the 5-pin 84/6Z4, which had a heater-type cath¬ 
ode, and the 6-pin 25Z5, which had a heater, two 
cathodes and two plates, and provided doubler oper¬ 
ation. Half-wave rectifiers need only three connec¬ 
tions, of which two are for filament and one is for 
plate — usually a top cap, so only two base pins are 
wired. Full-wave filament-type rectifiers need four 
pins — two for filament and two for plates. 

rectifier type substitution 

There are several good reasons why rectifier tubes 
are usually the first tubes to fail or weaken. They sup- 


table 

Rectifier tube ba 

se diagrams. Commas signify common connections. Column K dashes signify filament/heater- 1 

only t 

ype tubes, with 

o cathode employed; column K numbers indicate cathode element 

pin connection(s). (M) 

signifies mercury vapor; TC, top cap plate connections (half-wave). 




pins 

diagram 

tube type 

For H 

K 

P 

4 

4AB 

2X2A,2Y2 

1 + 4 

— 

TC 


4AD 

83V 

1 + 4 

4 

2 + 3 


4AT 

872A/872 IM) 

2+4 

- 

TC 


4B 

2Z2/G84, 866 Jr. (M) 

1 + 4 

- 

2 


4C 

5X3, 5Z3, 80,82 IM), 83 (M) 

1 + 4 

_ 

2 + 3 


4G 

623 

1 + 4 

3 

2 


4P 

3B28, 816,836, 866A, AX, B(M) 

1 + 4 


TC 

5 

5D 

84/6Z4 

1 + 5 

4 

2 + 3 

6 

6 E 

25Z5 

1 + 6 

3 + 4 

2+5 

7(none) 





8 

3C 

1G3GTA/1B3GT, 1K3A/1J3 

2 + 7 

_ 

TC 


5DA 

5AR4/GZ34, GZ32-34-37, R52, U54, U70 

2+5 

5 

3 + 4 


5DE 

3DG4 

1 + 3 

- 

5+7 


5L 

5AT4, 5V4GA, 5Z4, GZ32 

2 + 8 

8 

4 + 6 


5Q 

5X4G, 5Y4G-GA-GT 

7 + 8 

- 

3 + 5 


5T 

5AS4A, 5AW4GT, 5AZ4, 5R4GB, 5R4GY, 
5T4, 5U4GB, 5V3A/5AU4, 5W4GT, 5Y3GT, 
5Z10, GZ30-31, RJ2, U50-51-52, WTT102 

2 + 8 


4 + 6 


6 AD 

35Z5GT, 45Z5GT 

Midtap 3, 2 + 7 

8 

5 


6 S 

6AX5GT, 6X5GT, 6ZY5G, EZ35 

2 + 7 

8 

3 + 5 


8 EZ 

3A3C, 3CZ3A 

2 + 7 

7 

TC 


8 KS 

5DJ4 

1,7 + 2.8 

- 

3, 4 + 5, 6 


8 MK 

3CU3A 

2 + 7 

- 

TC 


8 MU 

2CN3A, 3CN3B 

2 + 7 

7 

TC 


8 MX 

3DB3/3CY3,3DJ3 

2 + 7 

1,7 

TC 


8MY 

3DA3/3DH3 

3 + 5 

8 

TC 


8 MZ 

3DC3 

2 

1,3, 5,7 

TC 

7 mi 

. 5BQ 

35W4 

Midtap 6, 3 + 4 

7 

5 


5BS 

6BX4, 6X4, 12X4, EZ90, EZ900 

HZ90, U78, U707, VZM70, 6202 

3 + 4 

7 

1 + 6 

9 mi 

i. 9BS 

12DF5 

4 + 5 

3 + 8 

1 + 6 


9CB 

6AF3, 6AL3 

4+5 

TC 

9 


9DJ 

6BW4 

4 + 5 

9 

1 + 7 


9DT 

3A2A 

2, 5, 8 

1,4, 6,9 

TC 


9M 

6CA4, EZ4, U709, UU12 

4 + 5 

3 

1 + 7 


9NT 

5BC3 

1 + 3 

- 

5 + 9 


9QT 

5BC3A 

1+2,3 

- 

5,6 + 8,9 


9U 

1 V2 

4 + 5 

_ 

1,9 


9Y 

1X2A, B, C 

2, 5,8 

- 

TC 
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ply DC plate power for other tubes in radio receivers 
and for much electronic equipment. They also fre¬ 
quently sustain severe transients and momentary 
overloads. While many suitable substitutes are avail¬ 
able, many of these require changes in socket wiring, 
as evident in table 1, which lists about fifty rectifier 
tubes among fifteen octal-base diagrams. Table 1 in¬ 
cludes both foreign and domestic half-wave and full- 
wave rectifier tubes. It will assist in substituting one 
tube for another as well as substituting solid-state 
equivalents for rectifier tubes. 

solid-state rectifier substitution 

It is unnecessary to substitute tubes or to change 
socket wiring or sockets if solid-state parts are 
mounted in an old vacuum-tube base or a similar 
plug foundation. (The bases of defunct tubes are 
easily removed by hack-sawing them about midway 
or by crushing the glass in a vise. A cloth wrapper 
will help prevent the hazard of flying glass particles.) 

Each leg of a full-wave rectifier circuit must with¬ 
stand a peak inverse voltage of 1.4 times the RMS 
voltage to center-tap of the transformer secondary. 
This voltage usually exceeds the PIV rating of a 
single diode, so two or more diodes must be used in 
series. Each diode should be shunted by a small ca¬ 
pacitor in order to minimize voltage spikes, and by a 
resistor to equalize PIV drops. Capacitors should be 
rated at 400 to 600 volts and 0.002 to 0.01 /tF capaci¬ 
tance. Resistors should be rated at one-half watt 
minimum and 500 to 1000 ohms per volt of PIV. 
Values of 330k, 390k, and 470k, are suitable at 200 to 
400 volts per diode. 

These parts should be chosen carefully and con¬ 
nected properly, according to the diagram of fig. 1 
and the pin numbers of table 1. The two anode or 
plate leads (PI and P2) and one cathode or filament 


lead (K or F) must be connected to three specific pins 
in the desired tube base. Solder in the base pins must 
be melted so as to pass the leads, which may be No. 
18 solid copper wire; the pins must then be re¬ 
soldered. 

It is seldom necessary to use diodes in parallel 
because their current ratings usually exceed those of 
rectifier tubes. If two or more diodes must carry the 
load current, each diode should be in series with an 
equalizing resistor of about 33 to 47 ohms and 2 
watts minimum rating. Without series resistors, one 
of several nonlinear devices in parallel may take most 
of the current and burn out. 

A limiting resistor of at least 10 watts and 47 to 100 
ohms rating may be connected in series with a recti¬ 
fier output or a transformer center-tap connection. 
The resistor may burn out under overload conditions, 
but it will protect the diodes and cost less to replace. 
A well-chosen fuse may be used instead of, or in ad¬ 
dition to, the resistor. 

rectifier design data 

The following facts deserve consideration in rec¬ 
tifier design: 

1. Half-secondaries of plate transformers usually 
have about 50- to 200-ohms resistance, and power¬ 
line inputs to transformerless rectifiers have negligi¬ 
ble resistance. 

2. Choke-input and resistive input filters usually have 
more than 100-ohms input resistance, and capacitor- 
input filters have negligible input resistance until the 
capacitors are charged. 

3. Vacuum-tube diodes usually withstand high peak 
currents caused by short circuits and starting tran¬ 
sients because their plate resistance exceeds 500 
ohms and their plate current is limited by filament 
emission and space charge. Solid-state diodes, on 
the other hand, may fail because they usually have 
less than 100 ohms resistance and no current-limiting 
saturation phenomena. 

4. Peak current in all rectifiers may be limited to safe 
values by adding series resistance of high enough 
value to make the total resistance adequate but low 
enough value to avoid an excessive voltage drop 
under normal load. 

5. In order to avoid abnormally-high peak currents 
and peak inverse voltages, as well as poor ripple 
reduction, in choke-capacitor filters, the product of 
the choke inductance in henrys and the capacitor 
capacitance in microfarads must be greater than the 
resonant value of 7.08 for a half-wave filter (60 Hz 
ripple) and 1.77 for a full-wave filter (120 Hz ripple). 

ham radio 
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TECHNIQUES ffr ^ 


Today's popular all-solid-state 
transmitters's would make yester¬ 
day's old timers' eyes pop out. What 
fun to work a modern rig with all the 
bells and whistles! 

Owners of today's transmitters, 
however, find that many of them re¬ 
quire matching to an antenna with an 
SWR less than 2:1. This is no prob¬ 
lem on the higher bands, since most 
antennas meet this requirement, but 
80 meter operators discover that they 
cannot cover the whole band with a 
single simple antenna and are there¬ 
fore restricted to operating within a 
small portion of the band. 

Some heroic attempts have been 
made to solve this problem 1 - 2 ^ 
the "broadband" 80-meter antenna 
solution still seems in doubt — or has 
it already been solved? 

let's not 

reinvent the wheel 

The basic 80 meter, center-fed di¬ 
pole, mounted in close proximity to 
ground, has a feedpoint resistance in 
the neighborhood of 30 ohms. I say 
"in the neighborhood" advisedly, as 
the measured resistance varies with 
height above ground, the conductivity 
of the soil in the vicinity of the anten¬ 


na and the degree of coupling be¬ 
tween the antenna, the outer shield 
of the feedline and any other con¬ 
ductors (such as house wiring, tele¬ 
phone lines, etc.) in the vicinity of the 
antenna. 

As a result of these variables, SWR 
measurements made on one 80-meter 
dipole may vary considerably from 
those made on an identical antenna 
at a different location. 

Because of the antenna environ¬ 
ment, some "lucky" 80-meter opera¬ 
tors find their dipole has an extremely 
broad frequency response and they 
can operate their solid-state transmit¬ 
ter over nearly the whole band! But 
their buddy across town with the 
same antenna is limited in operation 
to a small segment of the band, since 
the SWR quickly departs from low 
values when he operates his antenna 
away from the design frequency. 

Improving ground conductivity is a 
difficult task. 2 An extensive ground 
screen is called for in the case of ver¬ 
tical polarization and it is not known if 
such a ground installation would be 
cost-effective with horizontal polari¬ 
zation. I would doubt it, myself. (It 
would, at the minimum, better define 
the "array" (antenna plus image) ele¬ 
vation pattern. — Editor) 


decoupling the antenna 
from the environment 

Meaningful SWR measurements 
are difficult to achieve when the 
transmitting antenna is coupled to 
nearby conducting objects. In my 
case, the SWR measurements on an 
80-meter dipole changed radically 
when I turned on the ceiling light fix¬ 
ture in the living room. The dipole 
was parallel to the wires leading from 
the utility box at one end of the house 
to the light fixture. Placing a 0.01, 
1.6-kV ceramic capacitor across the 
connections of the fixture seemed to 
detune the house wiring sufficiently 
so that meaningful SWR numbers 
could be obtained. 

The first step was to determine if 
the dipole was coupled to the outside 
of the outer shield of the coaxial feed¬ 
line. This was tested by adding an ex¬ 
tra length of line at the station end 
and noting if the SWR reading 
changed from the original measure¬ 
ments at different frequencies. 

Since I knew there was unwanted 
coupling, I was not surprised when I 
was able to plot a new SWR curve 
that had only a vague resemblance to 
the old one after my line-sp/icing ex¬ 
periment. It looked as if I could move 
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fig. 1. Transmission line wound into 
simple RF choke at antenna feedpoint 
helps to decouple outside of shield 
from antenna currents. The line should 
be dropped (down) directly under the 
antennas. Suggested coil diameter: 
one foot for RG-8A/U, 3 inches for RG- 
58/U. Eight turns are suggested for use 
on 80 meters. 


the resonant frequency at will within 
the band by merely changing the 
length and position of the coaxial line 
with respect to the dipole! 

The second step was to bring the 
coaxial line directly down to the sur¬ 
face of the ground under the center 
of the dipole and run it along the 
ground to the station. Before, it had 
looped through the air at about a 45 
degree angle to the dipole. 

Repeating the SWR measurements 
showed that by varying line length 
the SWR changed but not nearly as 
much as in the previous situation. It 
looked as if I were proceeding in the 
right direction. 

The next step was to try to decouple 
the outer shield of the coax a bit 
more. I wound the line up into a 
choke coil just under the center of the 
antenna (fig. 1). This helped, but it 
seemed as if more isolation were re¬ 
quired. Luckily, I had a 2.5 MHz to 15 
MHz air-wound balun available (fig. 
2 ). I placed this device at the dipole 
feedpoint and was successful in de¬ 
coupling the coaxial shield from un¬ 
wanted antenna-induced currents. 

a balun transformer 
for 80 and 160 meters 

The balun design shown in fig. 2 is 
useful for both 80 and 160 meters. 


Since it has an air core, it will not 
saturate at a high power level as the 
ferrite core design might do; and 
because the windings have more 
turns (inductance) than the more 
common design, this balun performs 
better at the lower frequencies. 

The balun is wound on a plastic 
(PVC) form 3-1/2 inches (9.0 cm) in 
diameter. The design consists of 10 
trifilar turns on No. 14 Formvar™ (or 
enamel) insulated wire. The ends are 
held in place by 4-40 hardware. The 
windings are interconnected by short 
lengths of wire run between the ap¬ 
propriate terminals. The common con¬ 
nection of two of the windingsis used 
as the ground point at one end of the 
balun and is attached to the coaxial 
shield. When completed, a plastic 
bottle is cut to fit over the balun as a 
rain shield. The balun is attached di¬ 
rectly to the center insulator of the di¬ 
pole and the coaxial line dropped 
down directly beneath it. 

Take care that the top end of the 
coaxial line is sealed from moisture. 
Water can seep into the line by capil¬ 
lary action of the shield but a good 
coat of sealant (RTV, for example) 
will waterproof the end of the line. 
(Make sure your sealant does not 
contain acetic acid, or it will corrode 
the copper wires of the coax. Read 
the label before you buy.) 




matching the antenna 
to the line 

I was now in a position to make a 
meaningful SWR measurement of 
the antenna. As expected, a mini¬ 
mum of 1.56:1 occurred at resonance 
corresponding to an antenna impe¬ 
dance of 32 ohms. The easiest way to 
achieve a better match between an¬ 
tenna and line is to make the antenna 
form a portion of a network whose in¬ 
put impedance over a small range is 
50 ohms (fig. 3). If the antenna is cut 
slightly shorter than its resonant 
length, its terminal impedance will 
have a capacitive reactance term. A 
compensating inductor placed across 
the antenna terminals would then 
provide a tuned network whose total 
impedance can be made to match the 
coaxial line impedance. For an anten¬ 
na (radiation) resistance of 32 ohms, 
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the shunt coil IL) should have a reac¬ 
tance of about 64 ohms. For the 80- 
meter band, this turns out to be 
about 2.7 /iH. A coil of 8-1/2 turns of 
No. 12 wire, 2 inches in diameter and 
2 inches long will do the job. The an¬ 
tenna is trimmed six inches at a time 
until unity match is achieved, at the 
desired operating frequency of the 
antenna. 

antenna bandwidth 

After this task is completed, what 
will the operating bandwidth of the 
antenna be between the 2:1 SWR 


points? Alas, the correctly-designed 
dipole still will not cover the whole 
80-meter band, falling within the de¬ 
sired SWR ratio limits over only about 
220 kHz. But this exercise provides a 
clue that may help solve the band¬ 
width problem. 

broadband dipoles 

The previous discussion illustrates 
a method of feeding and matching a 
centerfed 80-meter antenna system. 
It applies equally well to a broadband 
antenna as to a conventional antenna. 

The fan dipole shown in fig. 4 pro¬ 
vides good bandwidth on 80 meters 
when properly matched to the trans¬ 
mission line. It is only 110 feet 
(33.53m) long at resonance (3.75 
MHz). When the length of the arms 
and the center matching coil are 
properly adjusted, the antenna ex¬ 
hibits an SWR of less than 2:1 over 
the complete 80-meter band. 

A second broadband antenna de¬ 
sign similar to the fan dipole is shown 
in fig. 5. This scheme consists of two 
parallel-fed dipoles placed at right 
angles to each other. The dipoles are 
cut for opposite ends of the band. (I 


haven't tried this idea, but I am wait¬ 
ing for a report from someone who 
has. 3 ). The dipole's SWR follows a W 
curve with points of minimum SWR 
occurring near the band edges. The 
dipoles have to be physically sepa¬ 
rated by at least 60 degrees; other¬ 
wise, the broadband response is 
lessened. 

Again, as in the case of the simple 
dipole, the input impedance of the 
antenna is quite low and a matching 
coil has to be placed across the feed- 
point to provide a step-up transfor¬ 
mation to 50 ohms. 

The idea looks like a good one and 
with sufficient separation between 
the dipoles, it should work. 

the W6TC two-frequency 
dipole 

George, W6TC, wrestled with the 
problem of using a dipole across the 
80-meter band and finally came up 
with a classic solution so simple that I 
wish I had thought of it myself! 

George's idea is shown in fig. 6. 
This illustrates a dipole cut for 3800 
kHz and used for SSB operation. To 
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Under the worst of circumstances, 
the SWR on the line could go as high 
as 5:1 if a dipole cut for one end of 
the band were used at the opposite 
end of the band. Even so, the line 
flattener can readily take care of the 
problem. In most instances, the di¬ 
pole is cut for some frequency within 
the band and maximum SWR excur¬ 
sions run closer to 3:1 at the band 
edges. No matter. The line flattener 
does the job. 

The device is easy to adjust. The 
capacitors and inductors are adjusted 
until the SWR at the transmitter is 



fig. 9. A coaxial "line flattener" for 80 
and 160 meters. Capacitors may be 
shunted with 1250 volt mica units to in¬ 
crease range. (As much as 2000 pF may 



operate at 3500 kHz, George first 
placed a single loading coil in series 
with one leg of the dipole. The unbal¬ 
ance caused by not splitting the coil 
and putting half of it in each leg was 
unnoticeable. 

Now, the problem is that the dipole 
has to be raised and lowered to insert 
or remove the loading coil for a QSY 
from one end of the band to the 
other. George solved this problem by 
moving the coil a half-wavelength 
down the coaxial feedline, placing the 
loading coil right at the operation 
position. 

Physically, the coil is placed in a 
box as shown in fig. 7. A ceramic 
switch is connected across the load- 


unity. If you run out of capacitance 
range in one unit, a 1250 working volt 
mica capacitor placed in parallel with 
the fully meshed capacitor will help. 

any ideas from the field? 

Well, I've heard of the scheme of 
making the 80-meter dipole out of 
steel wire to introduce a little loss and 
thereby lower the circuit Q and im¬ 
prove the bandwidth. And it might 
work, but I don't have feedback from 
anybody who has tried the idea. 

But I would like to hear from those 
who have any original thoughts on an 
80-meter broadband antenna system 
that will show a low value of SWR to 
the new solid-state rigs. 


computermania! 

In my April, 1983, column I dis¬ 
cussed short, loaded dipole antennas 
and showed a simple computer pro¬ 
gram that would aid in the fast design 
of a short dipole for any Amateur 
band. Missing from the program was 
the section required to design the im¬ 
pedance matching coil. The program 
was modified by Dick, W6EDE, for a 
TRS-80 (II), and has been further 
refined by John McComic, K4KAJ 
(fig. 5). John's program covers the 
complete antenna design, plus 
matching coil, for any frequency. The 
result is a half-length dipole, perfect 
for cramped locations. 


ing coil and instant QSY between the 
ends of the band is possible — right 
from the operating position. The two 
SWR curves for the antenna are 
shown in fig. 8. 

another easy way 

In microwave antennas, a device 
known as a "double-stub tuner" can 
be used to reduce the SWR on a feed 
system. Simpler versions of this tuner 
have become known as "line flatten- 
ers" and one that will work on 80 
meters is shown in fig. 9. 

Using the line flattener, an 80- 
meter dipole cut for one portion of 
the band can be made to work any¬ 
where in the band with near-unity 
SWR presented to the transmitter. 



A copy of the missing section of 
the program is available directly from 
ham radio. Be sure to enclose a 
stamped (200 business-size envelope 
(9-1/2 x 4-1/8) with your request. 

(My thanks to the following who 
also provided interesting and useful 
antenna programs: Lloyd Phillips, 
WB6WCA; Warner Thompson, 
N7WT; and I. L. McNally, K6WX.) 
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CABLE TV 
CONVERTERS 
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ACCESSORIES 


I - 40 CHANNEL 

I p . CONVERTER 

F 3 $38 Regular S69 

Advanced Solid State design and cir¬ 
cuitry allows you to receive mid & 
super band channels. Restores pro¬ 
gramming to Video Recorders. 
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remote control 
cable converter 
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Buckmaster Publishing 


gSg^THE UHF COMPENDIUM 

by K. Weiner, DJ9HO 

'hirst published in German in 1980 — this book was an 
instant European best seller. Now available in English 
— only from Ham Radio Magazine. This hefty, 413 page 
book is an absolute must for every VHF and UHF enthu¬ 
siast. The UHF Compendium has been divided into 7 
sections to fully cover theory and practical building in¬ 
structions. Special emphasis has been placed on state- 
of-the-art techniques such as GaAs Fet preamplifiers 
and converters. Author Weiner also fully describes all 
of the test equipment, alignment tools, power measur¬ 
ing equipment and other handy gadgets that will be of 
use to the UHF/VHF Amateur. All of the projects and 
designs have been tested and proven and are not engi¬ 
neer’s pipe dreams. Antennas are also fully covered 
with a number of easy-to-build designs as well as large 
mega-element arrays. Noted VHF enthusiast, Joe 
Reisert, W1JR, tells us that every ham interested in 
UHF/VHF should have a copy of this book. Get yours 
today — only from Ham Radio Magazine. 

□ KW-UHF Softbound $23.95 


Please add $2.50 shipping and handling 

Ham Radio’s Bookstore 

GREENVILLE, NH 03048 _ 


short circuits 

vertical phased arrays 

The following corrections should 
be made to part 3 of K2BT's article, 
"Vertical Phased Arrays" (July, 
1983): 

Eq. 3 (p. 30) should read: 

7.12 — ± \/722 (Z,, — Zi) 

The polar notation in the upper left- 
hand column of page 32 should in¬ 
clude the angle symbol and read: 

20.4 / 132.2° 

The following lines identifying the 
driving point impedances in table 3 
(page 33) should be corrected as in¬ 
dicated. 

3-elemertt in-line array, A/4 spacing: 

Z, -6.6 - j21 should read 15.4 - j17 

Z 2 51.4 + jO should read 36.2 + jO 

Z 3 79.4 - j39 should read 75.4 + j43 

triangular array, 0.289A spacing: 

Z, 28.4 - jlO should read 20.4 - jlO 


panoramic adapter 

The following corrections should 
be made to "Design Notes on a Pano¬ 
ramic Adaptor/Spectrum Analyzer" 
by Rick Ferranti, WA6NCX, (Febru¬ 
ary, 1983): 

In fig. 4 (page 30), the connection 
shown between the transistor's col¬ 
lector and the 3.3k resistor is erro¬ 
neous. The collector lead is still at¬ 
tached to T1. 

In reference to the 31 MHz band¬ 
pass filter in fig. 8 (page 31) the nota¬ 
tion "space coils 1/2 inch apart..." 
refers to the distance between Ti and 
T2 (centers); the 2-turn windings on 
the coil should be over the 12-turn 
windings on each form at the cold 
end. 

A small variable capacitor across 
the 4.7k resistor was deleted from 
fig. 9 (page 32), but not from the 
text. Because the capacitor pulled the 
oscillator only slightly in frequency, it 
is not necessary in this circuit. 
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fig. 1. Schematic diagram of the LF transmitter. The VMOS final amplifier consumes 86 percent of the total current, run¬ 
ning less than 1 watt input. (CR1, CR2 are 1N4002 diodes, VR1 is a 1N52 Zener diode (5.2V), and T1 is 110 Vac primary, 24 V 
ct secondary, 300 mA transformer. 


VMOS on 1750 meters 


A CW or beacon transmitter 
for 160 kHz 

Many interesting experiments and enjoyable 
QSOs can be your reward for operating on the 1750- 
meter band. IMo license is required to use the slice of 
radio spectrum between 160 and 190 kHz, and it re¬ 
quires only simple equipment to provide the legal 
maximum of 1-watt input to the transmitter. Enthusi¬ 
asts have made contacts over distances of 700 miles 
in spite of the antenna-size limit of 50 feet. 

I've used my VMOS transmitter to make a contact 
from East Haven, Connecticut to Owings, Maryland 
— a span of 250 miles. It can be done consistently as 
long as very noisy conditions do not exist. Many 


schedules have successfully been kept with stations 
in New Jersey, New York, Maryland, and Massachu¬ 
setts. My beacon signal has been heard as far north 
as New Hampshire and as far south as Maryland. Re¬ 
ceiving equipment for this band is not at all difficult 
to build. 1 

D-layer reflection and groundwave propagation 
modes dominate the band and best results are ob¬ 
tained by installing a good ground system and by 
keeping antenna coupling-losses low. Radiation re¬ 
sistance for the 50-foot antenna is on the order of 
0.02 ohms and the radiation efficiency is therefore 
very low. Nevertheless, a few milliwatts of effective 
radiated output does give you usable communi¬ 
cations. 

By S. J. DeFrancesco, K1RGO, 17 Jeffrey 
Road, East Haven, Connecticut 06512 
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the transmitter CW operation, or BEACON position for continuous- 

message operation. 

The transmitter circuit diagram shown in fig. 1 
uses a 600-800 kHz negative-resistance oscillator identifier 

consisting of Q1 and Q2. LI is a variable inductor of Three4021 CMOS universal eight-bit shift registers 

90-150 ^iH. The 470 pF capacitor can be made vari- are used in the identifier for minimum power con- 

able, and an old BC loop stick can be used for LI in- sumption. In fig. 2, U3, U4, and U5 clock inputs are 

stead. Stability is excellent — only a few hertz of drift connected in parallel. U2 is a square-wave clock- 

were observed one hour after the unit was turned on. pulse generator which drives the other ICs. The 100k 

Isolation is provided by Q3, a source-follower circuit potentiometer can be adjusted to obtain the desired 

which drives U1. U1 is a CMOS 4013 type-D dual flip- code speed. The P0-P7 parallel inputs are programmed 

flop used to divide the 600-800 kHz from the oscilla- to provide identification. R* and C* are somewhat 

tor down to 150-200 kHz. The output of U1 drives the critical and should be selected for the code speed 

VMOS amplifier. The output of Q4 is coupled to the used. R*, shown in fig. 2, is 30k for 15 wpm or less, 

antenna tuning network through a 0.1 uF capacitor. or 20k for 20-30 wpm. C* is 30 /iF for this same range 
The antenna tuning network consists of a 250 pF of code speeds. 

variable capacitor and a 3.7 mH coil wound on a fer- When power is first turned on, P0-P7 parallel in¬ 
rite rod. This high Q L/C arrangement resonates the puts are loaded in serial with pin 9 on U3, U4, and U5 

50-foot vertical antenna to 160-190 kHz. in a logic-high state. As C* equalizes, and pin 9 goes 

Transmitter keying is accomplished by gating U1 low, the serial-loop mode is activated and the pro- 
on and off at pin 10. Q6 is an LED driver connected to gram is stored. It then circulates in a continuous 

indicate keying. SI is set to key position for manual loop. The output (pin 2 of the U5) pulse train is fed to 
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fig. 3. The identifier circuit is shown programmed for the letters SD. Calculate th 
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U1 in the transmitter, providing CW transmission in 
the beacon mode. Code speed is varied by changing 
the output frequency of U2. 

programming 

A dash is equal to three bits (zero) and a dot is 
equal to one bit (zero). Spacing between dots and 
dashes to form a character is one bit (zero). Spacing 
between characters is two bits (1). The identification 
I use is "SD," consisting of fourteen bits with ten 
bits to spare. The program is shown in fig. 3, using 
the P0-P7 parallel inputs. A 0 is an on bit and a 1 is an 
off, or space, bit. Once the program is wired in, no 
other preprogramming is needed. If your program 
appears to drop a bit or two, shut off the power for a 
few seconds and then switch it back on again; this 
will reset the program. 

operation 

I monitored the transmitter on an RBA-5 low-fre¬ 
quency receiver, and adjusted the VFO to the desired 
frequency (185 kHz). When I keyed the transmitter, I 
heard very little key clicking, and a nice, chirp-free 
signal was generated. I tuned the output capacitor 
for maximum indication on my field strength meter. 
An NE-2 neon bulb glowed brightly when touched to 
the antenna terminal. I then tuned the 250-pF loading 
capacitor and found that no shift in frequency was 
being caused by the antenna tuning. I turned the 
switch to the BEACON mode to evaluate the IDer, 
and it worked fine. 

This system has run twenty-four hours at a time 
and has been very reliable. Total current drain is 100 
mA, of which 86 mA is used by the VMOS power 
amplifier. Input to the final is around 1 watt, the legal 
unlicensed limit. 

construction notes 

The complete unit can be made very small, includ¬ 
ing the power supply — it is possible to fit everything 
except the antenna loading circuit into a 2 x 4 x 2- 
inch(50x 103 x 50 mm) Miriibox. 

The 3.7 mH antenna coil can be air core or low-loss 
ferrite core. I close-wound 138 turns of No. 26 wire 
on an old 5/8-inch diameter broadcast-band ferrite 
core. A 250 or 365 pF variable capacitor can be used 
with this inductor to resonate the 50-foot vertical an¬ 
tenna. Experimentation with various cores and coils 
to improve efficiency in the antenna circuit can be 
evaluated by field-strength readings. 


ham radio 


references 

1, DeFrancesco, S.J., K1RGO, "A Fixed-Tuned LF Converter.” ham radio. 
January, 1983, page 19. 



CODE PRACTICE TAPES FROM 
HRPG — Practice copying Morse 
Code anytime, anywhere, whether 
you're upgrading your present license or 
just trying to up your code speed, a large 
assortment allows you to choose exactly the 
kind ot practice you need. 

each tape $4.95 2/S8.95 3/S12.95 

CODE PRACTICE TAPES 

Here are three different straight code tapes consisting of randomly 
generated six character groups sent at different speeds. These tapes 
are excellent for building both the speed and copying accuracy needed 
for contesting. DXing and traffic handling 

□ HR-STC1 - $4.95 DHR-STC3 — $4.95 

7.5 wpm code for 25 minutes 25 wpm code for 20 minutes 

10 wpm code lor 25 minutes 30 wpm code for 20 minutes 

15 wpm code for 25 minutes 35 wpm code for 20 minutes 

□ HR-STC2 -$4.95 « wpm code for 20 minutes 

15 wpm code for 50 minutes 

22.5 wpm code tor 35 minutes 

HI/L0 SERIES — Code Study Tapes 

In this unique series, characters are sent at high speeds with long 
pauses between each character. For example. HLC4 (15/2.5 wpm) 
consists of characters sent at a 15 wpm rate, but with 2.5 wpm spac¬ 
ing between each character These tapes are excellent tor the beginner 
who wants to practice copying higher speed code without the frustra¬ 
tion of constantly getting behind. 

□ HR-HLC1 - $4.95 DHR-HLCS - $4.95 


22.5/2.5 wpm code for 80 minutes 

□ HR-HLC2 - $4.95 

22.5/5 wpm 


15/5 wpm code for 28 minutes 
15/7,5 wpm code for 28 minutes 
a w m nr mi 15/10 wpm code for 28 minutes 

22.5/7.5 wpm code for 20 minutes □HR-HLC4 — $4.95 
22.5/10 wpm code lor 20 minutes 15/2.5 wpm code for 80 minutes 
22.5/13 wpm code for 20 minutes 
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technical forum -—- 

Have a technical question? Ask your fellow Amateurs through Technical Forum. You'll reach knowledgeable readers ready to help you find the answer 
you're looking for. Have an answer? Send it in. Every month we'll award a specially selected book from Ham Radio's Bookstore to the writer of the best 
response to a question previously posed in this column. Address your questions and answers (typewritten, if possible) to Technical Forum, ham radio 
magazine, Greenville, New Hampshire 03048. The opinions expressed in this column are those of the individual authors and do not necessarily represent 
the views of the publisher or staff of ham radio magazine. 


pacemakers and RFI: 
safety first 

We read Edwin M. Hollis's letter 
(Technical Forum, June, 1983) con¬ 
cerning the use of transmitting equip¬ 
ment by a ham with an implantable 
cardiac pacemaker. 

There is a general misconception 
that everyone with a pacemaker will 
"expire" when exposed to an RF field 
or a microwave oven. The twenty- 
five or more manufacturers of pace¬ 
makers worldwide are concerned 
about the response of their products 
to electromagnetic interference and 
do extensive testing on the products 
before release. These tests are done 
by the manufacturer and by indepen¬ 
dent testing organizations. Virtually 
all manufacturers include filters and/ 
or shielding of the electronic circuit. 

Pacemakers are prescribed for pa¬ 
tients who have some abnormality in 
the normal electrical activity of the 
heart. Without this normal electrical 
activity, the heart will slow down or 
skip beats entirely. The pacemaker 
monitors this activity and generally 
puts out a stimulating impulse only 
when needed. The stimulating im¬ 
pulse "shocks" the heart muscle, 


causing the muscle to contract and 
the heart to beat. 

The circuit that monitors the heart 
activity also looks for interfering sig¬ 
nals (EMI, RFI, etc.). If interfering 
signals are detected, the pacemaker's 
stimulating pulses will be turned on, 
instead of shutting off completely. 
There is a remote possibility of the 
pacemaker's being inhibited (turned 
off) if the field is intense. (This warn¬ 
ing is included in the patient hand¬ 
books and physician manuals.) If this 
were to occur, the patient might ex¬ 
perience dizziness or fainting spells. 
As soon as the interfering signals 
were removed, the pacemaker would 
return to normal operation. No per¬ 
manent damage would be done to 
the pacemaker's electronic circuit. 

In recent literature, there have 
been no reported deaths due to RFI 
exposure of patients with implanted 
pacemakers. There have been report¬ 
ed cases of patients experiencing 
fainting spells or dizziness with older 
pacemaker models that are no longer 
manufactured. 

If a patient is concerned about ex¬ 
posure to RF fields, the pacemaker 
manufacturer should be contacted. 


The address and phone number are 
printed on the permanent plastic I.D. 
card given to all pacemaker patients. 

Any Amateur with a pacemaker 
should follow these general rules: 

1. Make sure transmitting equipment 
is in good working order. 

2. Maintain a good ground on all 
equipment. 

3. Avoid working on equipment with 
cover or shields removed. 

4. Do not stand near antenna systems 
radiating power, especially in front of 
directional arrays. 

If you must do any of these things, 
have someone else nearby to turn off 
transmitting equipment if any dizzi¬ 
ness or fainting spells are experienced. 
Electrical shock hazard is not increased 
because of the pacemaker. There is 
no technical reason why an Amateur 
Radio operator with an implantable 
cardiac pacemaker cannot continue 
to enjoy the hobby by simply exercis¬ 
ing a few cautionary measures. 

John W. Bixler, K3EAS 
Field Program Coordinator 
William L. Johnson, K3FOW, 
Electronics Manager 
Donald A. Henry, W3FE, Engineer 
Cook Pacemaker Corporation 
Leechburg, Pennsylvania 15656 

concern at high levels 

I have some information for Ed 
Hollis, K4CN, on the effects of RFI on 
pacemakers (Technical Forum, June, 
1983). 

It depends on the type of pace¬ 
maker. Some are RFI powered exter¬ 
nally (fig. 1); in these, a secondary 
coil rectifies the induced voltage to 
power the pacemaker. There are also 
nuclear-powered long-term pace¬ 
makers, employing a shielded radio¬ 
active source, which are implanted in 
the patient. The most popular pace¬ 
makers at present contain a lithium 
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battery which can last up to ten 
years. 

Basically, a pacemaker simulates 
the periodic electrical pulse which 
stimulates the heart muscle to a state 
of contraction. Its circuitry can be a 
monolithic multivibrator or a blocking 
oscillator of either the asynchronous 
or the more complex-demand type 
used in synchronous pacemaker. The 
latter depends on ventricular contrac¬ 
tions' return pulses which automati¬ 
cally adjust the pulse rate with varia¬ 
tions in physical activity. The pulse 
width for pacemakers varies from 0.5 
to 2 ms with amplitudes of 5 to 9 
volts. 

In the normal ham shack you need 
not worry about any disruption of the 
pacemaker operation. But very high 
levels of RFI can override the pulsed 
output, especially affecting the de¬ 
mand type synchronized pacemaker, 
which is controlled from the heart 
muscle. Avoid standing under a broad¬ 
cast station antenna (running kilo¬ 
watts), stay away from high ERP 
microwave dishes, and when adjust¬ 
ing your beam antenna's gamma 
match, shut your transmitter off. — 
Salvatore J. DeFrancesco, 
K1RGO 

heartwarmer 

Dear HR: 

I can think of no adequate way of 
thanking ham radio for printing the 
item "pacemakers and RFI" for me in 
your June issue (Technical Forum, 
page 98). The response to the item 
has been just overwhelming; the 
value of information gained from the 
data and letters cannot be adequately 
measured. The many letters describ¬ 
ing personal experiences and offering 
technical advice were incredible. 

It proved several things: first of all, 
that a lot of Amateurs subscribe to 
ham radio; and what is more impor¬ 
tant, they read it. If one ever did have 
any doubts about the type of person 
the Amateur is, such a response from 
so many who have taken their time 
and money to inform another ham 
(who they never even knew) about a 
subject which might make the differ¬ 


ence between life or death was heart¬ 
warming, to say the least. 

From the mail I received it is appar¬ 
ent that the pacemaker, along with 
other forms of medicine and electron¬ 
ics, has come a long way in the past 
few years. Even though an Amateur 
himself is not wearing one of the gad¬ 
gets, it is nice to know that he will not 
be endangering a neighbor who 
might come too close to a transmit¬ 
ting antenna, causing an unexpected 
problem . . . please thank all the read¬ 
ers who spent their time and money 
to respond to my question. 

The tremendous response to the 
item also proves without a doubt that 
there has been and just may still be a 
vital problem in this area. I'm sorry if I 
gave the impression that the experi¬ 
ence I had in the hospital was recent. 
It was, in fact, quite some time ago 
and I have been convinced that many 
changes have been made since then, 
as well one could expect. In spite of 
that I found many not convinced as 
to the reliability of pacemakers in the 
presence of RFI; I was also unable to 
find a recent schematic, which is 
understandable. 

Edwin M. Hollis, K4CN 


ham radio has prepared a list of recent articles on 
possible RFI interference with pacemaker opera¬ 
tion. We would be happy to make that list avail¬ 
able to concerned readers or their physicians. 
Address requests to: PACEMAKERS, ham radio 

(Enclose large SASE.) ~ Editor 


SAY 

YOU SAW 
IT IN 
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zero-beat indicator 
for RTTY 

I built the ST-5 demodulator de¬ 
scribed in ham radio' but had difficul¬ 


ty finding the zero beat of the incom¬ 
ing signal on my receiver. The ST-5 
has a meter for tuning. When the 
meter reading is identical for MARK 
and SPACE, the Model 19 machine 


provides solid print. However, I found 
it quite difficult to tune in the signal 
so that the meter would indicate this 
condition. 

Dave, N2DS, our local solid-state 
wizard, suggested I make a device 
using the LM3914 chip* with its 
ten-LED output. The LM3914 has ten 
positions for the LEDs, and the resis¬ 
tors for them are built into the chip. 
The LM3914 is known as a “bar ana¬ 
log generator." 

I developed a plan to have two ver¬ 
tical columns of ten LEDs each. One 
column would be for MARK and one 
for SPACE. Required were two 
LM3914s, a 5-volt regulated power 
supply, twenty red LEDs, and two re¬ 
sistors, R1 and R2 (fig. 1). 

Resistor R1 is 1.21k. I made this re¬ 
sistor using Ik, 200 ohms, and 10 
ohms in series (watch tolerances). 
Resistor R2 is 3.83k. I used a 3k resis¬ 
tor plus an 800-ohm and a 30-ohm 
resistor in series. You'll need two R1 
and two R2 resistors. 

Turning this idea into a construc¬ 
tion project resulted in a nice visual 
device to tune in an RTTY signal. The 
circuit is more economical and better 
than an oscilloscope with the high 
voltage involved and its many con¬ 
trols. 

construction 

Only three wires are needed to con¬ 
nect the zero-beat indicator to the 
ST-5. The control circuit (fig. 1) can 
be built on perf or PC board, which is 
mounted inside the ST-5 cabinet. 

Mount the following components 
onto the control board: two 2N3904s, 
two 5k trim pots, two Ik 14-watt re¬ 
sistors, two 1N4148 silicon diodes, 
and two 0.068-^F disc ceramic caps. 
Mount the control board in the ST-5 
demodulator so that you can adjust 
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the trim pots easily. In fig. 2 you'll 
note that I've mounted the LM3914 
chips between the vertical columns of 
LEDs. No big deal. Perhaps you 
would like to have the LEDs running 
horizontally. In any event, if you want 
to use the vertical display, a better 
way of mounting the LM3914s is to 
the left of the LEDs, as shown in fig. 
1. This makes for easier wiring. 

adjustment 

With an input signal, adjust the 
MARK trim pot so that eight of the ten 
MARK LEDs light up. Then, with a 
SPACE signal, adjust the SPACE trim 
pot so that eight of the SPACE LEDs 
light. Another method is to tune in 
W1 AW on 3625 kHz. Then make your 
adjustments, as you'll have a good 
MARK and SPACE signal. Be sure you 
get the first 15 minutes of WlAW's 
transmission; it changes to ASCII dur¬ 
ing the second 15 minutes. 

I'd like to thank Dave Schmarder, 
N2DS, for his help in completing this 
project. 


reference 

1. Irvin M. Hofl. W6FFC. "The Mainline ST-5 RTTV 
Demodulator." ham radio, September, 1970, page 

Jim Dates, W2QLI 
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hf hybrids: a second look 

Why not try hybrids in hf applications? 



Hybrids are generally four-port devices used in 
UHF and microwave designs, where they are easily 
fabricated as part of stripline or microstrip assem¬ 
blies. They usually fall into one of two general 
classes: the 90 degree or quadrature hybrid, and the 
180-degree hybrid. Examples of the quadrature type 
are the side-coupled directional coupler, the branch 
coupler, and capacitively coupled hybrid. 1 The 180- 
degree type is probably best exemplified by the ring 
or "rat race" coupler. 

As one might imagine, the quadrature hybrid 
divides its signal between two outputs which are 90 
degrees out of phase with respect to each other. The 
rat race, on the other hand, provides two outputs 
which are in phase opposition. 

A major difference between the two classes, other 
than the phase relationship of their output signals, is 
that in order to obtain a null at the fourth port, the 
quadrature hybrid requires that the two loads must 
both match the impedance level for which the device 
was designed. The 180 degree variety, on the other 
hand, requires only that the two output loads match 
each other. 

why? 

If we replace our hybrid with yet another and 
simpler form, a center-tapped transformer, with 
loads on opposite ends of the secondary coil, (fig. 
1A), then as long as the two loads are equal, no sig¬ 
nal is present at the center tap, which becomes our 
fourth port. But suppose we require a quadrature 


phase relationship between the two output signals. 
We then introduce a quarter wavelength of line be¬ 
tween one output and its load. This quarter wave¬ 
length of line inverts the impedance of that load, so 
that unless both loads match the impedance of that 
section of line, no balance will exist, and a signal will 
appear at the center tap (fig. IB). 

This simple exercise demonstrates why quadrature 
hybrids must match the loads to the design impe¬ 
dance, while 180 degree hybrids need only to match 
one load against the other. 

The transformer form of hybrid is found to have 
numerous applications in the high-frequency range. 
With appreciable power levels, the signal may be in¬ 
troduced into the center tap of the transformer. 
Dividing into two paths, with opposing magnetic 
fields, saturation of a ferrite core would be avoided, 
while the other coil (now the secondary), will show, 
at its output, any unbalance between the two loads. 

The use of such transformer-type hybrids in the 
high-frequency range has not been generally ex¬ 
ploited, but would seem to offer much for compact 
power dividers, combiners and phase shifting 
devices. 

reference 

radio, July, 1970, page 57. 

ham radio 

By Henry S. Keen, W5TRS, Fox, Arkansas 
72051 
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FORECASTER 

earth stonehocker, kORYW 


trans-equatorial DX 

The autumnal equinox — with its 
promise of winter DX conditions to 
come — also signals the return of 
trans-equatorial openings, with their 
5000 to 7000 mile (8000-11,200 km) 
paths. 

A cross-section representation of 
the ionosphere along the 75-degree 
west meridian is shown in fig. 1. Data 
for this drawing was obtained by ion- 
osonde returns off the bottom half of 
the ionosphere. Note a concentration 
of contour lines near the center and 
right (southern latitude) side. The 
thick line is a ray of energy transmit¬ 
ted from the earth at 20 degrees north 
with a low take-off (elevation) angle. 
This ray just grazes the middle max¬ 
imum and does not return through 
the lower ionospheric layers or earth 
bounce before it grazes the second 
southern maximum; it then bends 
enough to return to the earth at 30 
degrees south. This layer-to-layer re¬ 
flection accounts for less signal loss 


(10-15 dB) than the "normal" inter¬ 
mediate earth reflection type trans¬ 
mission. This low loss makes trans- 
equatorial propagation very effective 
in providing excellent DX QSOs with 
our southern friends. 

The maximums are located on both 
sides of the geomagnetic equator 
(±20 degrees). The electrons drift- 
diffuse up the geomagnetic field lines 
each afternoon until about 2200 local 
time, mainly during the winter half of 
the year. Geomagnetic disturbances 
tend to enhance the electron upward 
drift from the trough just south of the 
auroral zone. The dotted lines in the 
drawing are representative geomag¬ 
netic field lines. 

Although lower MUFs are now be¬ 
ing experienced because of the dim¬ 
inishing solar cycle, one can still ex¬ 
pect the 15- and 10-meter bands to 
have some trans-equatorial propaga¬ 
tion openings this winter during the 
high solar flux days in which geo¬ 
magnetic disturbances occur. Listen 


to WWV on 2.5, 5, 10, 15, or 20 MHz 
at 18 minutes after the hour for solar 
flux, geomagnetic A and K indices, as 
well as for the solar activity and geo¬ 
magnetic condition report and fore¬ 
cast. If the solar flux exceeds 150 and 
A is greater than 30, with K greater 
than 4, expect very good trans-equa¬ 
torial openings. 

last-minute forecast 

On the higher frequency bands (IQ- 
30 meters) DX conditions should im¬ 
prove with rising solar flux and flare 
activity during the two middle weeks 
of the month. This leaves the first and 
last weeks for operation on the im¬ 
proving lower bands (30-160 meters). 
Both night and day DX should be 
very good this time of the year. 

Expect disturbances during the fol¬ 
lowing days in October: 1st, 2nd, 9- 
15th, 19-21 st, 24-30th. This is still the 
equinox period when the solar wind 
particles are very effective in pro¬ 
ducing ionospheric effects and still 
within those years of maximum solar 
coronal holes to feed the solar wind. 
All in all, that's a double dose of inter¬ 
esting DX conditions. 

In October the Orionid meteor 
showers are visible from the 15th to 
the 25th. The maximum rate will be 
between ten to twenty per hour on 
the 20-21 st of the month. The moon 
is full on the 21st and perigee occurs 
on the 4th of the month. 

In most parts of the country, Octo¬ 
ber represents the last opportunity of 
the year for antenna repair and main¬ 
tenance. How are your antennas? Are 



October 1983 EB 87 




GMT 

0300 


PDT 

WESTERN USA 

N NE E SE S SW W NW 

t 1 


MOT 

MID USA 

N NE E SE S SW W NW 

t / - \ i /-\ 

CDT 


EOT 

EASTERN USA 

N NE E SE S SW W NW 

t\J 

5:00 

20 

20 

15 

10 

15 

10 

10 

20_ 

6:00 

30 

20 

15 

10 

15 

10 

10 

20 

700 

TT 

30 

20 

TT" 

10 

15 

10 

10 

20 

8:00 

20 

20 

15 

10 

15 

10 

10 

20* 


7:00 

30 

20 

15 

10 

15 

10 

10 

20 

8:00 

TT 

30 

20 

15 

10 

15 

10 

10 

15 


20 

20 

15 

10 

15 

10 

10 

15 

TT 

30 

30 

15 

10 

15 

10 

10 

15 

9:00 

10:00 

30 

30 

15 

10 

15 

10 

10 

15 

8:00 

20 

30 

J ° 

10 

H 

10 

10 

15 

9:00 

30 

30 

20 

10 

15 

10 

10 

T5~ 

10:00 

11:00 

30 

30 

20 

10 

15 

10 

15* 

20 

9:00 

TT 

30 

20 

TT 

15 

TT 

TT 

TT 

10:00 

TT 

TT 

To" 

TT 

TT 

To" 

TT 

TT" 

11:00 


40* 

TT 

TT" 

TT 

TT 

TT 

IT 

TT 



10:00 

TT 

TT 

TT 

TT 

IT 

TT 

TT 

20~ 

11:00 

TT 

To" 

To" 

15 

"l5~ 

TT" 

TT 

20~ 

12:00 

TT 

"TT 

TT 

20 

15 

TT 

TT 

TT 

2T 

«« 

20 

30 

TT 

TT 

TT 

"TT 

TT 

TT 


12:00 

30 

30 

20 

TT 

To" 

TT 

15 

20^ 


2:00 

30 

TT 

TT" 

15 

20 

TT 

TT 

30* 

12:00 

20 

30 

TT 

TT 

TT 

TT 

TT 

TT 

T 7 

40 

30 

To" 

20* 

To" 

TT 

20* 

20~ 


TT 

40 

30 

20 

TT 

TT 

15 

TT 

30 

1:00 

20 

30 

20 

20* 

20 

15 

20* 

30 

2:00 

30 

30 

20 

To" 

20 

20 

TT 

30 

3-00 


30 

~4C T 

20 

20 

20 

IT 

20 

30 

0900 

1100 

1200 

1400 

1500 

1600 

1700 

1600 

1900 

2000 


2:00 

20 

3C 

TT 

TT 

20 

~20 

TT 

TT 

3:00 

JT 

30 

To" 

To 

20 

TT 

JOj 

30 

4:00 

5:00 

30 

40 

To~ 

TT 

20 

TT 

20 

30 

3:00 

30 

30 

20 

20 

20 

IT 

TT 

30 


TT 


30 

To" 

To 

20 

TT 

20 

30 

5:00 

6:00 

20 

40 

20 

20 

20 

20 

20 

30 

4:00 

30 

30 

20 

20 

20 

IT 

20 

30 

5:00 

20 

30 

20 

20 

20 

20 

20 

30 


7:00 

20 

30 

20 

20 

20 

20 

20 

30 


30 

30 

20 

20 

20 

"TT 

20 

30 

6:00 

20 

30 

20 

20 

20 

20 

20 

30 

7:00 

8:00 

20 

30 

15 

20 

20 

20 

20 

30 

6:00 

30 

30 

20* 

20 

20 

20 

20 

30 

7:00 

20 

30 

15 

~20_ 

20 

20 

20 

30 

8:00 

TT 

20 

30 

15 

20 

20 

20 

20 

30 


30 

20 

15 

20 

20 

20 

20 

30 



20 

20 

15 

20 

20 

20 

20 

30 

9:00 

10:00 

20 

20 

15 

20 

20 

20 

20 

30 


21 

20 

15 

20 

20 

20 

20 

30 


9:00 

20 

20 

15 

20 

20 

20 

~20 ] 

30 

10:00 

11:00 

20 

20* 

15* 

jI 

15 

20 

20 

30 

9:00 

3o| 

20 

15 

15 

15 

15~] 

20 

30 


10:00 

20 

20 

10 

15] 

15 

15 

20 

30 

11:001 


TT 

20 

20* 

10 

15 

15 

15 

20 

30 

10:00 

Tp, 

20 

10 

15 

15 

~15j 

15 

30 

11:00 

20 

20* 

10 

15 

15 

15 

15 

30 

^2:0o] 


1:00 

20 

20* 

10 

15 

15 

15 

15 

30 


30 

TT 

10 

15 

TT 

10 

15 

20 

12:00 

20 

20* 

10 

15 

15 

15 

15 

20 

1:00 


2:00 

20 

20 

10 

15 

15 

15 

TT 

20 

12:00 

40 

20* 

10 

15 

15 

10 

15 

20 

1:00 

30 

20* 

10 

10 

15 

10 

15 

20 

2:00 


3:00 

20 

20 

10 

10 

15 

10 

15 

20 

1:00 

30 

20* 

10 

10 

15 

10 

10 

20 

200 

20 

20 

10 

10 

15 

10 

10 

20 

3:00 | 


TT 

20 

20 

10 

JLOi 

15 

10 

10 

20 

2:00 

30 

15 

TT 

10 

15 

10 

10 

20 

3:00 

20 

20 

10 

10 

15 

TT 

pr 

20 

4:00 | 


5:00 

30 

20 

10 

JL 

15 

10 

10 

20 

2300 


3:00 

20 

20* 

10 

10 

15 

10 

10 

20 


TT 

20 

20 

10 

10 

15 

TT 

1 10 

20 

5:00 


TT 

30 

20 

10 

JOJ 

15 

10 

10 

20 


20 

20 

15 

10 

15 

10 

10 

20 

5:00 

30 

20 

15 

10 

15 

, 10 

TT 

20 

6:00 


7:00 

30 

20 

jjJ 

10 

15 

10 

10 

20 


OCTOBER 

ill 

§ 

I 


ANTARCTICA | 

NEW ZEALAND | 

OCEANIA | 

AUSTRALIA | 

| 


1 

i! 

EUROPE j 

S 

E 

S. AMERICA j 

ANTARCTICA | 

NEW ZEALAND | 

OCEANIA J 

AUSTRALIA | 

| 




< § 

! 

| 

CARIBBEAN | 

S. AMERICA | 

ANTARCTICA | 

NEW ZEALAND j 

OCEANIA 

AUSTRALIA 

1 


88 G3 October 





they in sufficiently good condition to 
last through winter? Do they need to 
be custom-tailored to your specific 
DX operating goals? Now's the time 
to check. 

band-by-band summary 

Ten to thirty meters will be open for 
the entire twenty-four hour period on 
most days of the month. The bands 
should peak in all directions just after 
local sunrise, and again toward the 
east and south during late evening 
hours. During darkness, the bands 
will peak toward the west, in a south¬ 
west-northwest arc that will encom¬ 
pass the Pacific area. 

Forty and eighty meters will be the 
most usable nighttime DX bands. 
Most areas of the world will be work¬ 
able from dusk until sunrise. Hops 
shorten on these bands to about 2500 
miles for 40 meters and to 1500 miles 
for 80 meters, but the number of 
hops can increase since signal ab¬ 
sorption in the ionosphere's D region 
is low during the night. The path fol¬ 
lows the direction of darkness across 
the earth, similar to the way the high¬ 
er bands follow the sun. Vertical an¬ 
tennas over good ground systems 
give the lowest take-off angles for 
long skip on these bands during 
darkness. 

One-sixty meters will be similar to 80 
meters, providing good working con¬ 
ditions for enthusiastic DXers who 
like to work the night and early morn¬ 
ing hours. In terms of QRN, this band 
will be quieter now. 

ham radio 
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2ND OP 

by Jim Raflerty. N6RJ 

Completely revised and updated with all ol the 
latest information, the latest 2nd Op is an indis¬ 
pensable operating .lid toi all Radio Amateurs 
The 2nd Op gives you at the twist ol a dial pre- 
tixes m use comment, /one. country, beam 
heading time ditterentiai postal rates QSO and 
GSl record and the utlicial ITU mehx list Every 
ha’n needs a 2nd Op Order ymns today 
1981. N6RJS tst Edition 
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A DESIGN EVOLUTION 



• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) 

• Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet¬ 
ter IMD). Device NF typically .5 dB. 

• Thermal shutdown protection incor¬ 
porated 

• Remote control available 

• Rugged components and construc¬ 
tion provide for superior product 
quality and performance 

• Affordably priced offering the best 
performance per dollar 

• Designed to ICAS ratings, meets FCC 
part 90 regulations 

• 1 year transistors warranty 

• Add S5 for shipping and handling 
(Cont. U.S.). Calif, residents add ap¬ 
plicable sales tax. 

• Specifications/price subject to change 



■kSEND FOR FURTHER INFORMATION* 

TE SYSTEMS 

P.O. Box 25845 
Los Angeles, CA 90025 
(213) 478-0591 
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product \ 


REVIEW 


Cushcraft 32-19: 

19-element 2-meter Boomer 

If you've been paying altention to the results 
of VHF/UHF antenna gain contests, you’ll 
know that the Cushcraft Boomer has been a 
pretty successful design. In a few instances. 
Boomers have been able to walk away with top 
honors for each band in which they were 

Using the latest in computer design tech¬ 
niques, Cushcraft engineers optimized spacing 
and element length to ensure maximum per¬ 
formance. ISee table 1.1 The Boomer also 
uses a T-match driven element with a 1:1 coax¬ 
ial balun to provide coaxial decoupling and a 
low VSWR. One unique new feature on the 
Boomer is the Trigon three-element reflector 
assembly. The Trigon design enhances the 
fronl-to-back ratio and gives the antenna a 
sharper forward pattern. 


table 1. Cushcraft 19 element 2-meter 
Boomer. 

range 

144-146 MHz 


16.2 dBd 

front/back 

24 dB 

weight 

12 pounds (5.44 kg) 

length 

22 feet (6.71 m) 

turning radius 

11 feet (3.5 m) 

wind load 

3.5 square feet 
(0.33 square m) 


Assembling this antenna is a very easy job 
taking less than two hours to complete. All of 
the elements are measured and precut for ease 
of assembly. Fasteners are stainless steel to 
eliminate the problems caused by corrosion. 
Since the Model 32-19 uses such a long boom 
122 feet) Cushcraft has added a supporting 
truss to provide an extra measure of mechani¬ 
cal stability and to keep the antenna level. All 
of the aluminum used is a special heat-treated 
tubing that is designed to take the strongest of 
storms without damage and keepon performing. 

As many of you know, my interest in ham 
radio has been, for many years, 160 meters. 
But using the 2-meter Boomer during this 
June’s VHF contest was a real Joy. I couldn't 
help comparing operation on the two different 
bands: as I carefully and patiently pieced to¬ 
gether the calls of stations I worked (there was 
fading and other propagation anomalies) I felt 
that my lime spent ferreting calls out of the 


muck on 160 meters had been excellent prepa¬ 
ration for two-meter contesting. It was a relief 
not to have to fight any thunderstorm QRN. I 
had a lot of fun during the contest and was 
able to take advantage of the excellent Aurora 
Sunday night. June 12. Being limited to just 10 
watts hurt; plans are now underway to get at 
least 100 watts cooking in time for the next 
contest. For information, contact Cushcraft. 
P.O. Box 4680, Manchester, New Hampshire 
03108. RS#301 

N1ACH 


the Snyder antenna: 
model FB 75/80 

The best way to describe this 80-meter 
broadband wire antenna is simple. For those 
who want to operate anywhere between 3.500 
and 4.000 MHz without having to adjust wire 
lengths or a tuner, this 80-meter version of the 
Snyder product line is an answer. 

From the moment of unpacking to final in¬ 
stallation, less than 15 minutes is involved. 
(This assumes that a skyhook at 45 or more 
feet is available and the coaxial cable is already 
dressed.) At my location, a heavily wooded 
area of New Hampshire (for those of you who 
don't live here, it's all heavily wooded), a tree 
limb at 45 foot height was used as the support. 
However, telescoping masts, towers, tall poles 
can all serve that same function. 

How does the antenna achieve broadband 
operation without tuning? It uses a patented 
technique that achieves this performance by 
combining a sealed center unit that weighs 
about one pound (0.45 kg) and contains no 
reactive elements, according to Snyder, with a 
middle cable assembly Ithat looks like a sleeve) 
and outer lengths of copperweld wire. 

installation 

Installation proceeds smoothly if you follow 
the instructions. In my installation I attached 
the supporting rope to the convenient small 
bracket on the center assembly and raised it 
five feel off the ground. After the coaxial cable 


was connected and sealed, and stess relieved 
(45 feet of RG-8 weighs a bit). I unfurled the 
middle cable assemblies and payed them out. I 
attached ropes to the six-inch long end insu¬ 
lators and raised the antenna to its final height 
while securing the copperweld ends, which I 
left for last. (Those of us who have worked 
with copperweld - haven't we all? - can ap¬ 
preciate the small additional amount ol time 
and care required in handling this spring wire. 
Unwind only the section of cable that you're 
working with .) 

The FB 75/80 makes an attractive, sturdy in¬ 
stallation as an inverted vee. It can be secured 
in other configurations as a horizontal dipole, 
sloping dipole, or as an element in an array. It is 
highly recommended that il used as a horizon¬ 
tal dipole a center support be provided to bear 
the weight of the feedline and center insulator. 



performance 

This antenna has an SWR curve that has the 
shape of the letter W (see fig. 1). Feeding a 
small amount of power into this antenna at 
every 25 kHz from 3.5 to 4.0 MHz and using a 
Bird thruline wattmeter basically confirmed the 
manufacturer's specifications. This antenna 
"wants" to be in the clear away from all large 
conducting and dielectric objects or obstruc¬ 
tions to provide best performance. 

On the air comparisons between this anten¬ 
na in an inverted-vee configuration and a 50- 
foot apex high sloping delta loop revealed the 
expected results. Using a rapid switching ar¬ 
rangement it compared favorably (same report) 
with the Delta loop antenna for most U.S. con¬ 
tacts. The sloping delta loop has the edge for 
Europe and longer paths. In all fairness it must 
be mentioned that the sloping delta loop per¬ 
forms as well as my full size 80-meter Bobtail 
curtain in its favored directions. 

conclusion 

The Snyder Antenna Company has accom¬ 
plished its goal in providing Amateurs with a 
non-tune broadband basic antenna. It is a 
pleasure to install and operate with any trans¬ 
ceiver and especially complements any of the 
modern "instantaneous" frequency change 
solid-state units. In addition to base station 
use, it is well suited for portable operation be li 
emergency, field day, or expedition. For infor¬ 
mation about Synder products, contact the 
company at 250 East 17th Street, Costa Mesa, 
California 92627. RS#303 

K2RR 



90 Q3 October 1983 









BBC Metrawatt model 
MA3E multimeter 

There's no doubt about it: digital readouts 

prise when an analog multimeter appeared on 
my desk (or review the other day. 

BBC Metrawatt entered the American mar¬ 
ket fairly recently when it introduced a rather 
complete line of both digital and analog 
meters. Model MA3E represents a moderately- 
priced unit that offers a number of appealing 
features. 

My first impression was that this is a very 
European unit, with its gracefully curved lines 
in a very neat and functional design. (No won¬ 
der its unique case was designed by 
Porsche.) To protect the meter when not in 
use, the unit folds together to make a conven¬ 
ient. easy-to-transport package. The high-im- 
pact plastic case is built to withstand industrial 
use or abuse without compromise in per¬ 
formance. 

The MA3E incorporates an electronic ampli¬ 
fier providing a combined total of 35 measuring 
ranges that include 18 for AC and DC voltages 
up to 1000 volts; 12 for AC and DC currents up 
to 10 amperes; and five resistances up to 20 
megohms, including a battery check - all 
while providing a constant input resistance of 
10 megohms. 

All measuring ranges are manually selected 
by use of a switch located on the main frame. 
The viewing angle of the meter can be varied to 
meet the needs of the user. 

The unit operates from an imernal 9-volt bat¬ 
tery oi from an external power supply. Low 
power consumption ensures long battery life. 

The test leads are recessed into the meter 
and specially shielded to prevent accidental 
shorting while plugged into the meter. The 
leads are also threaded to accept alligator clips 
and other accessories. 

The MA3E measures approximately 5-3/4 * 
4-1/2 x 1-3/4 inches (146 * 118 x 44 mm) 
and weighs less than one pound (0.45 kg), 
without battery. 

Luckily the MA3E arrived for review while we 
were rebuilding WB1AHV, the ham radio Ama¬ 
teur station. While crawling up and down con¬ 
necting power lines and antenna leads. I found 
the MA3E to be a real joy to use. The adjust¬ 
able meter made reading voltages or determin¬ 
ing continuity a snap. Being a bit ham-fisted, 1 
accidentally knocked the meter off the oper¬ 
ating table, but the rugged case wasn't dam¬ 
aged at all, to my relief. 

This is a useful meter that, at under $200, 
should find wide acceptance in both Amateur 
Radio and industrial applications. 

Detailed information on the MA3E and other 
models in the product line are available from 
BBC-Metrawatt, 6901 West 117th Avenue, 
Broomfield, Colorado 80020. RS03O2 

N1ACH 



• Complete ready to use 10 QHz tm VolUdWimutlscelver • w mw power 
put • Typical frequency coverage 10.235-10.295 QHz • Full duplex operation 

• Internal Gunnplexer for portable operation • Qunnplexer removable for tower 
mounting In fixed location service — three shielded cables required for Intercon¬ 
nection • Powered by 13 volts dc nominal at 250 mA 9 30 MHz I f • 10-turn 
potentiometer controlled VCO tuning • 220 kHz ceramic l-f filter • Extra diode 
switched filter position for optional filter • Dual polarity afc • Rugged two-tone 
grey enclosure • Full one year warranty • $389.95 with 10 mW Qunnplexer 

9 $269.95 without Qunnplexer 


Advanced 

Receiver 


Postpaid for U.S. and Canada. C T Residents 
add 7- Vt % aalaa tax. C.O.D. orders add $2.00. 
Air mall to foreign countries add 10 % 


Box 1242 • Burlington CT 06013 • 203 582-9409 


P.C. BOARDS FOR MOTOROLA BULLETINS 


00 EB-27A - 14.00 AN-791 

50 EB-63 - 14.00 EB-67 

MRF-309 - 27.60 MV2205 - .58 KEMET CHIP CAPACITORS:56 pf, 82 pf, 

MRF-422 - 41.40 78L08CP - .50 100 pf, 390 pf, 470 pf;-.50 eu 

MRF-454 - 20.00 2N4401 - .75 680 pf, 1000 pf;-.55 ea 

MRF-901 - 1.75 2N5190 - 1.50 5600 pf, 6800 pf, .1 pf;-l.00 ea 

SBI.-l Double-Balance Mixer - 6.50 .33 uf;-1.90 ea .68 pf;-3.90 ea 

CAMBI0N RF CHOKES; .15 ph, .22 ph, .33 wh, 4.7 ph, 10 uh - 1.20 ea 
BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS:AN-762, EB-27A, EB-63 
UNDERW00D/SEMC0 HETAL-CLAD MICA CAPACITORS:5pf,I0pf,l5pf,25pf,30pf, 

40pf,56pf,60pf,68pf,80pf,91pf,lOOpf,200pf.250pf,390pf,4 70pf,1OOOpf 
We also carry a line of VIIF, UI1F amplifiers and ATV equipment. 

Call or write for our free catalog. 

3$ Communication Concepts Inc. s 

2648 North Aragon Ave»Dayton, Ohio 45420*(513) 296-1411 ✓ 127 


TIDBITS 


THE PRACTICAL HANDBOOK 
OF AMATEUR RADIO FM & 
REPEATERS 

by Bill Pasternak, WA6ITF 

Comprehensive tianOtwok rovers |usl about ever* latel 


□T-1212 Softbound $12.95 

Please add SI .00 lor shipping and handling, 

HAM RADIO’S BOOKSTORE 

Greenville. NH 03048 


MORSE CODE, BREAKING 
THE BARRIER 

by Phil Anderson. W0XI 

Learning the Morse Code does nol have lo 
be the painful experience many tolks make it 
out lo be. This little booklet is chocklull ol 
helpful and highly recommended rums and 
lips on how lo learn the Morse Code Uses 
the high/low method to eliminale Ihe dread¬ 
ed 10 wpm plateau. 1982, 1 si edition. 

□ PA-MC Softbound $1.50 each 

Please add $1.00 tor shipping and handling 

HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 
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THE AFFORDABLE REPEATER 

FROM THE MANUFACTURER OF COMMERCIAL 8 
MILITARY EQUIPMENT MADE IN USA AT OUR 
MIAMI, FLORIDA PLANT 


,$ 699 . 


OPTIONS 

• Helical Filter Installed $65.00. 

• 8 Pole Filter Installed $20.00. 

• Cooling Fan Installed $30.00. 

• Duplexer 

• Deluxe Cabinets 

• Timer 

• Tone Panel 


OTHER PRODUCTS 

• Simplex and Full Duplex 

• VHF/UHF Mobiles and Bases 

• Rural Radio Telephone 

• Auto Patch 

• HF SSB Transceiver 

• Catalogues available upon request 

DEALER INQUIRIES INVITED 


i Basic Price 

FEATURES: 

• Several Frequency Ranges 

30-50 MHZ, 132-172 MHZ, 
200-240 MHZ,380-480 MHZ. 

• Sensitivity .3 Microvolt 12 DB S/N 

• Power Output 30 Watts. 

• Four Pole IF Filter. 

• Complete separate transmitter 

and Receiver 

• 13.6 VDC or 115/220 UAC 

Power Supply. 

• 19" Rack Mounting. 

PAYMENT TERMS: 

Domestic Orders 50% with order 
50% C.O.D. 

Foreign Orders Letter of Credit 
or Advance Payment. 

Allow 2 to 6 weeks for delivery. 


ITS International Telecommunications Systems Florida Inc. 



The new Flesher Corp. TU-470 RTTY/CW 
terminal unit receives up to 300 baud on all 
three shifts and provides TTL and RS-232 com¬ 
patible I/O, including bi-polar CW and PTT 
outputs, for complete remote control and isola¬ 
tion of computer level I/O keying. 

Each TU-470 RTTY filter board is a high-sen- 
sitivity, high Q, 3 stage, 6 pole active bandpass 
filter said to provide excellent stability and 
sharpness. A signal balance restorer circuit has 
been incorporated to allow reception of non¬ 
standard RTTY shifts on mark only. The CW 
filter/demodulator has a 3 stage. 6 pole filter 
centered at 750 Hz for CW reception. 

The unit also provides crystal controlled 
AFSK, FSK, 170 Hz narrow preselector filter, 
built-in 20 or 60 mA loop supply, autostart, 
threshold control, 5 LED indicators, bar graph 
tuning, scope outputs, reverse receive, reverse 
transmit, and much more. 


WARNING 

m ns bjeg m m mw 

-, I % 














six-band high- 
frequency vertical 

Hustler has announced the availability of its 
new 6-BTV six-band trap vertical for the high- 
frequency ham bands. 

Based on the popular 4-BTV, the new 6-BTV 


information, contact Hustler, Inc., 3275 North 
B Avenue, Kissimmee, Florida 32741. RS#307 

For information, contact PolyPhaser Corpo¬ 
ration, 1500 West Wind Boulevard, Kissimmee, 

Florida 32741. RS#305 

fm dual band 

Trio-Kenwood has announced the release of 
keyer trainer a compact new combination 2-meter and 70- 


AMTOR terminal 

The ARQ1000 is a full send-receive termi 
for the AMTOR ARQ code. All features of i 






















Be BIG on 
40 or 80! 

Make this the year where you 
hear and are heardIThe sun spot 
number is dropping fast and 
there Is still time to Install your 
hew INSTANTARRAY™ system 
before the temperature dives. 
Order now and "own" your fre¬ 
quency during the fall CQ WW 
tests. Run JA's on 80 in the late 
afternoons this December and 
join them for breakfast the next 
AM. Achieving the 80 8e 40 por¬ 
tions of the 5BWAZ « DXCC. 
awards should be fun, not a 

Col»Atch»Co will sell you any 
Individual component we make 
or a whole systeml Start off with 
a single 40 or 80 meter 1 k wave 
vertical radiator or purchase a 
ready-to-erect two or four ele¬ 
ment IMSTANTARRAY™. The 
complete INSTAMTARRAY™ 
system includes the verticals, 
their mounts, insulated guys, SS 
hardware galore, our attractive 
LOBE SELECTOR control box 
with self contained DC supply, a 
really novel beam forming phas¬ 
ing harness and a weatherproof 
relay box which distributes the 
power to the vertical radiators. 
Our 4-40 and 4-80 systems pro¬ 
vide low angle 360 degree 
coverage in 90 degree segments 
with exceptional rejection of 
signals from the rear and sides. 
All of this in milliseconds. 

Trying to show you all this in 

an HR ad is virtually impossible. 

Hence we have produced a 
dynamite VMS demo video tape, 
which tells it all. We will loan you 
this tape upon receipt of a $35 
deposit which we will either re¬ 
fund when you return our tape or 
will credit against your first 

Yes, we also do have a brand 
new brochure with diagrams, 
pictures, specs, etc. which we 
will send you gratis. We accept 
both MASTERCARD and VISA. 

P.O. BOX 230, CARLISLE, MA 01741 
(617)371-1242 
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products 


ARQ access code, SEL-CAL code, and WRU 
answer-back codes are included. The 
ARQ1000 is housed in a cabinet that matches 
the CT2200 and CT2100. Available options in¬ 
clude the DM170 internal demodulator and 
ARQX10 encryptions module. 



For more information, contact HAL Commu¬ 
nications Corporation, P.O. Box 365, Urbana, 
Illinois61801. RS#311 


single chip code-practice 
processor 

The world's first single chip code-practice 
processor, the CPP1, is a true 8-bit microcom¬ 
puter containing all the tables and timing nec¬ 
essary to learn Morse code. By adding a simple 
dot clock and tone generator to this processor, 
it is possible to practice Morse code at rates 
from 1 WPM to over 100 WPM. 

The CPP1 is said to eliminate the frustrations 
of trying to learn code by tape, and promises to 
put an end to searching for a particular practice 
group, stopping and rewinding, and having to 
learn at whatever speeds the tape offers. 

For further information, contact Micro Digi¬ 
tal Technology, P.O. Box 1139, Mesa, Arizona 
85201. RS#309 


base station transceiver 

ICOM has announced the introduction of a 
new base station transceiver for 2 meters, the 
IC-271 A. Covering the entire 2 meter ham 
band, it features fm/upper sideband/lower 
sideband and CW modes, has a 25 watt output 
standard, with an optional built-in power sup¬ 



ply available. It has 32 full function memories. 
Built-in sub-audible tones selectable from the 
main tuning dial provide ease of operation. Fre¬ 
quencies, modes, tones and offset may be 
written into each memory. Scanning is possi¬ 
ble with the IC-271 A; either the whole band, 
memories or selected modes may be scanned. 
The IC-271A features ICOM's new high con¬ 
trast, two-color display, showing frequency 
digits in white and control functions in red. 

For further information, contact ICOM 
America, Inc., 2112-116th Ave., NE, Bellevue, 
Washington 98004. RS#310 


miniature soldering iron 

An industrial grade precision miniature sol¬ 
dering iron that heats up quickly, has a non¬ 



melt handle and is suited for students, hobby¬ 
ists, and professionals is available from M.M. 
Newman Corporation. 

The Antex Model G Soldering Iron features a 
wide range of slide-on tips. Designed for deli¬ 
cate circuitry, the tips are directly grounded 
and heat up in only 45 seconds. Compact and 
fully portable, the Antex Model G Soldering 
Iron weighs only 3/4 ounce without cord. Built 
for continuous or intermittent use, the tip 
slides directly over the heating element and 
heats up to 700-750 degrees F. Complete with 
a premium grade pretinned 3/32 inch tip, the 
Model G sells for $15.95. 

For more information, contact M.M. New¬ 
man Corporation, 7 Hawkes Street, P.O. Box 
615A, Marblehead, Massachusetts 01945. 
RS0312 


multi-outlet panel 

A new multi-outlet panel from Flexiduct pro¬ 
vides four circuit-breaker-protected outlets for- 
safe use where too few electrical outlets exist. 

The new outlet-extender panel features 4 
grounded outlets, an on/off switch, a circuit 
breaker with a push-button reset (to protect 
from overloads) and a double-insulated cord 
with a three-prong end plug. It is rated at 15 
amps, 125 volts, 1875 watts and is UL listed. 

Other Flexiduct safety products include 4 
and 6 outlet multi-outlet strips, a plug-in surge 
suppressor, a multi-outlet surge suppressor, 


94 QS October 1983 








lay-flat power extensions, over tbe floor cord 
cover and products for use with telephones. 



available from Winders & Geist. Inc.. P.0. 
83088, Lincoln, Nebraska 68501. R5#313 



new dish 

A satellite TV antenna made by an entirely 
new method of production has been an¬ 
nounced by Total Television, Inc. 

The design of the 12 foot diameter dish con¬ 
sists of a heavy-duty expanded aluminum 
mesh reflective surface supported by twenly- 
four injection molded ribs connected to an in¬ 
jection molded main support. 

The material from which Ihe dish structure is 
molded is a sophisticated plastic formulated to 
endure all kinds of weather. Products molded 
from the plastic material have been used for 
nearly twenty years to replace concrete in exte¬ 
rior and underground applications. The manu- 


40 - 80 - 160 
VERTICALS 



Our verticals include a 1 5/8" x 5' pre¬ 
drilled galvanized mounting pipe, a base 
insulator, slotted sections of aluminum 
tubing marked for easy assembly, SS hose 
clamps and all SS bolts, washers, etc. The 
1-40 radiator @ $99 is self supporting and 
rises 33' above the insulator. The 1-80 
radiator uses a unique tilt-up base in¬ 
sulator that allows the assembled 57' 
radiator weighing circa 35 ibs. to be easily 
erected. The 1-80 Is supplied @ $217 with 
two sets of low-stretch, UV resistant mylar 
insulating guys which attach to the 
radiator at two levels by SS washers 
nlcopressed through three 6' sections of 
wire to the mylar to provide electrical 
loading. 160 kit @ $48. #16 awg copper 
radial wire @ $26/M. Prices FOB Carlisle, 
MA. 




P.OjJOX 230, CARLISLE. MA 01741 or phone (617) 371-1242 
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plate frames 

License plate frames personalized with indi¬ 
vidual call signs are now available from BHC, 
Incorporated. Molded from black ABS plastic 
— the same material used for trim on many 
new cars, a set of HAM-TAGS consists of two 



black frames with white, permanent vinyl let¬ 
ters in the large imprint area. (License plates 
differ from state to state so drivers would have 
to check their plates to see if their calls would 
go at the top or bottom of the frame.) In states 
that issue only one plate, BHC will furnish a 
frame for the rear and a plate for the front. 
HAM-TAGS are $12.95 per set plus $1.50 ship¬ 
ping; information is available from BHC, Incor¬ 
porated. 1716 Woodhead. Houston, Texas 
77019. RS#317 

scaleable ac voltmeter 

The Slimline II ac voltmeter from Nationwide 
Electronic Systems, Inc., (NESI, scales ac volt¬ 
age input signal to any desired unit, mounts 
quickly, and features a large (0.9 inchl LED dis¬ 
play which can be easily scaled to read out di¬ 
rectly in engineering units. The Slimline will ac¬ 
cept the output from a voltage transformer, ac 
tach generator, or any device with an ac volt¬ 
age output. 

Examples of use include scaling 34.52 Vac 
from a potential transformer to read directly as 
1.726 kV; 0.825 Vac from a current-to-voltage 
transformer to read directly as 165 ac amps; 
and 43.5 Vac from ac tach generator to read di¬ 
rectly as 783 rpm. 

All adjustments and controls for this meter 
are accessible under the flip-up door located 
beneath the display. Models are available for 
ranges from 0 to 200 Vac. 

Also available from NES are scaleable dc 
voltmeters, scaleable ammeters, clocks, count¬ 
ers, process meters, and the unique ASCII 
Bustle' (BCD/ASCII converter). All NES prod¬ 
ucts are backed by a solid 3-year warranty. 

For more information or a copy of the NES 
Condensed Catalog, contact NES, Inc., 1536 
Brandy Parkway, Streamwood, Illinois 60103. 
RS#318 

field-strength element 

An extremely sensitive relative field-strength 
element. Model 4030. expands the usefulness 
of the thousands of Thruline wattmeters in the 
field by helping to optimize the radiated signal 
of any transmitter from 2 to 1000 MHz. 

Model 4030 employs modern broad band cir¬ 
cuitry instead of the highly reactive resonant 
networks of most field-strength meters, which 



Heil Sound, the company that 
pioneered proper audio equali¬ 
zation techniques for major 
performing groups and communi¬ 
cators, invites you to be part of 
one of the biggest advancements 
in Single Sideband transmission 
since the ‘Donald Duck’ vs. AM 
days. 

If you are not satisfied with the 
“sound of your station"—it's no 
wonder—most "communications” 
microphones used today were 
designed for "public address" use, 
not for sophisticated SSB 
techniques. 

No one microphone can be all 
things to all Hams, so this new 
HC-3 element and HM-5 mic 
were developed only for 
maximum clarity on SSB trans¬ 
missions. 

The 

response 
of this tiny 
ceramic element rolls off sharply 
under 350 Hz and above 3100 Hz 
with a peak at 2400 Hz for high 
articulation in the speech range. 

Hams who care about 
maximum results in getting over, 
around and through DX pile-ups 
now have another weapon in their 
arsenal... The Key Element! 


p 

3kH« 4tt 


r 


A 
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You can easily install this 
small, advanced HC-3 element, 
with its broad-range impedance¬ 
matching characteristics, into 
virtually any microphone case 
you own, or purchase the custom 
HM-5 mic with HC-3 installed. 


“...Have not yet heard an FT-IOI sound 
any belter than when used with The Key 
Element...“ —Paul, G3AWP 
“...I now have a comfortable feeling that 
my audio is better than the rig was 
originally capable of..." —Ken, W9UBS 
“...Thank you for the fine reoorl. All 
reports to *- 1 - 


For those who 
desire the ultimate 
audio into and out 
of your transmitter/ 
transceiver, 
consider the ideal 
combination of the 
Heil EQ-200 audio 
equalizer and HM-5 
microphone. 

For more information, or to 
order the HC-3 cartridge element 
at $19.95 the HM-5 SSB micro¬ 
phone at $54.95, or the EQ-200P 
at $59.95, contact Heil Ltd., 
Marissa, 1L 62257. 618-295-3000. 

Hearing 
Is Believing... 


fUEiL] 

l£pun5J 



limit their utility. The element consists of a flex¬ 
ible receiving antenna, a single high-pass net¬ 
work and a variable gain rf amplifier/detector. 
A battery-saving feature turns everything ofl 
when the element is removed from the watt¬ 
meter. Typically full scale deflection is obtained 
from a one watt CW source at 150 MHz 
through a quarter wave antenna 8 feet distant. 
Dynamic range is at least 30 dB and battery life 
is 100 hours or more. 

For more information, contact Bird Electron¬ 
ic Corporation. 30303 Aurora Road. Cleveland 
(Solon), Ohio44139. RS#319 


"affordable" repeaters 

A new line of repeaters in several frequency 
ranges is available from Internatinal Telecom¬ 
munications Systems Florida Inc. Ranges in¬ 
clude 30-50 MHz, 132-174 MHz, 200-240 MHz, 
380-480 MHz, or any band combination. The 
power output is 30 watts; the unit operates 
from 13.6 VDC or 115/220 Vac and costs $499. 

For further information, contact Internation¬ 
al Telecommunications Systems Florida Inc., 
8416 N.W. 61st Street. Miami. Florida 33166. 
RS#320 
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ROHN 

“ FOLD-OVER" 
TOWERS 

■ EASE OF INSTALLATION 

ROHN "Fold-Over” Towers ere quickly and 
easily Installed. The "Fold-Over" Is sale 
and easy to service. 

■ ADAPTABILITY 

ROHN has several sizes to III your applica¬ 
tions or you can purchase the "Fold-Over" 
components to convert your ROHN tower 
Into a "Fold-Over". 

■ HOT DIP GALVANIZED 

All ROHN lowers are hoi dip galvanized 
alter fabrication. 

■ REPUTATION 

ROHN Is one of the leadlngtower manufac¬ 
turers. with over 25 years of experience. 

Write today tor complete details. 


QUALITY STEEL PRODUCTS BY 

ROHN 

Box 200D• Peoria. Illinois 61656 
U.S.A. 































ters. The PCS-4800 covers 28 to 29.99 MHz in 
steps of 10 or 20 kHz. The PCS-4500 covers 50 
to 53.995 MHz in steps of 5 or 10 kHz. The 
PCS-4300 covers 440 to 449.995 MHz in steps 
of 5 or 25 kHz. A 220-MHz unit will soon be 
available. 


digital military time clock 

The Model 193A Digital Military Time Format 
Wall Clock from Benjamin Michael Industries, 
Inc., features a 1-inch digital display for excel- 


ThenewPCS-4800, PCS-4500, and PCS-4300 
employ the same advanced microcomputer 
chip found in the PCS-4000, providing the ver¬ 
satility and ease of operation found in the 
2-meter Azden transceiver. Standard repeater 


watts or 2 watt selectable output, discriminator 
scan centering, a digital S/RF meter, busy- 
channel and transmit LED indicators, and a full 
16-key autopatch pad (except for the PCS-4800). 

All units come with dynamic remote-func¬ 
tion microphone, built-in speaker, mobile 
mounting bracket, remote speaker jack, and all 
hardware. The size is 2 inches high by 5-1/2 
inches wide by 6-3/4 inches deep. The bright 
green LED frequency display and illuminated 
keyboard provide visibility under a variety of 
ambient conditions. All are designed for mobile 
or fixed station use. 

For further information, contact Amateur- 
Wholesale Electronics, 8817 S.W. 129 Terrace, 
Miami, Florida 33176. RSA322 


SSTV/RTTY/CW/FAX tuner 

The new "Slinky" Model 959 is a SSTV tun¬ 
ing unit consisting of an op-amp limiter ampli¬ 
fier and six active precision tuned, temperature 
stable bandpass filters, providing a visual blink¬ 
ing LED indication when a received SSTV, RT- 
TV, FAX, or CW signal is perfectly tuned. The 



lent visibility. It also features quartz accuracy, 
total immunity to power line failures and distur 
bances, and all solid-state construction. The 
clock will operate for well over one year on e 
single AA battery. 

Housed in a hand-made solid walnut case, 
the model 193A is priced at $129.95 plus $3.00 
shipping. For more information, contact Benja¬ 
min Michael Industries, Inc., 65 East Palatine 
Road, Prospect Heights, Illinois 60070. RS0323 


The Best \ 
Got Better 
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"HAMS SERVING HAMS' 
Lowest prices in TVRO 
INTRODUCING 
The NSS 80A 

.45 F/D Spun Aluminum Dish 
weighs only 60# - True polar- 
mount - Quadpod Feed. 

— COMPLETE — 


SAT-TEC R5000 . $1350 

KLM Sky Eye IV . 1495 

Universal Comm. DL2000. 1 495 

AUTO-TECH GLR 500. 1 595 

DRAKE ESR 224 .1 595 

DEXCELDXP1100-stereo .1750 

DRAKE ESR 24. 1 795 

Luxor-Stereo . . . 1850 

All packages include: 8' Spun 


Aluminum Dish, Polormount, 
Polarotor II Polarizer 110° K LNA, 
modulator and 100 cables. 

— PRODELIN — 

10' Dish - .3 F/D - 8 panels - The 
Ultimate in TVRO Dishes. 


- COMPLETE — 

SYSTEM PRICES 

SAT-TEC 1475 

KLM Sky Eye IV . 1730 

Universal Comm. DL2000. 1 730 

AUTO-TECH GLR 500. 1750 

DRAKE ESR 224 ... . 1895 

ADTO-TECH GLR 520. 1 950 

DRAKE ESR 24. 1 995 

DEXCEL DXR 1100 

with LNO - stereo.2095 

AUTO-TECH GLR 560. 2 0 2 5 

LUXOR STEREO, Infra-Red 
remote control. 2125 


All packages include 110° K LNA (or 
LNC), 100' Coble, Modulator, Polor¬ 
mount, Polarotor II Polarizer. 

DEALERSHIPS AVAILABLE 
NATIONAL FINANCING 
AVAILABLE WITH AS LITTLE AS 
10% DOWN (O.A.C.) 

CALL TOLL FREE 
1-800-654-0795 
for info or ordering 
312 12th Avenue South 
Nampa, Idaho 83651 
WB6TOC (208) 466-6727 KI7D 
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Thank You 

Thank you for responding to the reader survey published in the September issue. I want you to know 
how very valuable your comments are to me. You are providing to us at ham radio an understanding of 
your needs, likes, and dislikes. 

As we go to press, we have not yet "closed the books" on this survey; survey forms and letters continue 
to arrive daily in considerable quantity. In reviewing the forms that have been returned, I already see im¬ 
portant trends which together with the survey compilation, will be detailed in a future issue. In general, 
readers are telling us to continue to provide a technically superior magazine and not to succumb to the 
temptation of trying to offer "something for everybody." This was clearly brought out in one of the many 
letters that accompanied the survey forms: 

/ cannot resist writing to tell you how. grateful I am that you have gone back to the original aims of ham 
radio. / had originally subscribed to the magazine because of the technical content and / am so pleased to 
see a return to the more technically oriented articles. The fact is that there are already three other 
magazines devoted to operating news and 'beginner' type construction articles — we don't need one 
more. / am sure that your genera/ reader response will confirm that there is a need for material that has 
some body to it and which can be used for future reference.... 

Taking all of the responses (so far) into account, I promise to follow a policy I adopted several years ago 
while editor of another magazine {rf design): always try to inform, not impress. Now, I have to admit that 
some of our past articles did not exactly meet that criterion, and I plead guilty with explanation. In the 
publishing industry it's not unusual for an editor to be working with the content of four or more issues in 
various stages of development at the same time. But by pushing the schedule ahead with excellent 
material received from our readers. I'll be able to improve the quality of ham radio. I've just finished editing 
some exciting new material to be included in the early 1984 issues. 

While on the subject of articles, I'd like to ask all prospective authors to remember that the most impor¬ 
tant reason for writing and publishing a manuscript is to communicate — be it an idea or a complete 
system down to the last diode. Sometimes it helps to ask a friend to read your manuscript with a critical 
eye. If there's something he or she doesn't understand, chances are that others will have the same prob¬ 
lem. Before you start, I firmly believe that it's always a good policy to make a single-sided, single-page 
outline on the proposed subject. Don't write another word until you really like the outline. It's much easier 
to modify an outline than to cut and paste or start a manuscript all over after you've gotten into it. By all 
means, once you like the outline, stick with it, taking one section or thought at a time — in order. This 
makes the job considerably easier. 

The kitchen sink. Yes, I've found a few of them in some of the manuscripts. There is a tendency 
among some of us (and I am not excluding myself) to try to squeeze everything you possibly can into a 
five-printed-page article. Please believe me, you can save some material for another article or a book or 
even an encyclopedia. We at ham radio can help out in many ways. Send for our well-written six page 
Author's Guide. It will provide you with many helpful hints for producing your manuscript (hint number 1: 
type your manuscript, double-spaced). Drop me a line with your outline and I will try to respond ASAP 
with suggestions. 

Just a final word on artwork. Penciled sketches are fine. We normally redraw all schematics, block 
diagrams, etc., unless you happen to follow our drafting style and produce camera-ready artwork (some 
authors do). Photographs should be black and white, 35 mm or larger. Use the best photographic tech¬ 
niques you can master (clean backgrounds, good lighting, logical presentation) and don’t hesitate to seek 
professional assistance. Remember, if accepted, your work will adorn the pages of a widely, worldly cir¬ 
culated magazine. 

There we have it. I've thrown the kitchen sink into this editorial. Let me just say thanks again for your 
support. Please keep reading the magazine; we'll keep trying to improve and expand it to meet your needs. 

Rich Rosen, K2RR 
editor-in-chief 
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de W9JUV 


THE VOLUNTEER EXAM PROGRAM FOR AMATEURS WAS ESTABLISHED officially September 22, when 
the FCC acted on PR Docket 83-27. The biggest surprise was the Commissioners' decision to 
use 13 regional Volunteer Examiner Coordinators instead of one national VEC, with a VEC in 
each U.S. call area plus one each for Alaska, the Pacific islands and the Caribbean. The 
decision to go with regional VECs is being widely interpreted as a direct slap at the ARRL, 
whose last-minute introduction of a demand that VECs be compensated for their efforts after 
assuring the FCC they could handle it gratis caused much consternation at the Commission. 

Exam Administration Fees Are Specifically Prohibited by the Report and Order, in a 
section reportedly written by the FCC's legal staff and based on the enabling legislation. 

The League is lobbying on Capitol Hill for a bill that would legalize fee collection, but 
Senator Goldwater has come out strongly against such fees and without his support it's 
unlikely that it can receive much support in either house. 

Three-Person Examining Teams Are Still Required for the Technician and higher class exams. 
All but Technician will require that all three team members be Extra Class. Specifically, 

13 as well as 20 wpm code tests plus Elements 4(A) (Advanced and Extra) and 4(B) (Extra) 
must be administered by a team consisting of three Extra Class licensees. 

Negotiations With Groups Wishing To Become Regional VECs will be opened by the FCC on 
December 1.Since some areas will respond more quickly and have an acceptable examiner 
organization in place more rapidly than others, it appears almost certain that the program 
will be up and running in some parts of the country long before it will be in others. 

LAUNCH OF THE STS-9 SPACECRAFT IS STILL SET FOR OCTOBER 28 , with W5LFL due to begin his 
2-meter operation fromspace a few days later as outlined in September Presstop ■ Late- 
breaking information will be made available via recorded messages on various special phone 
lines, including ARRL--(203) 666-0688, Westlink—(213) 465-5550, and the Johnson Spaceflight 
Center--(713) 483-2477. In addition, Electra (Bearcat) is making its toll-free line (800) 
SCA-NNER available as a mission progress hotline to Amateurs as well as other VHF listeners 
for the duration of the STS-9 mission. 

The Most Up-To-Date STS-9 Information Will Probably Be From W5RRR . the Space Center Radio 
Club station.It will be on the air before and after working hours plus weekends, using 
28600, 21375, 14280, and 3845 kHz, all +/- QRM. Operation on OSCAR 10 is possible. 

Retransmission Of Space Shuttle Transmissions By Amateurs has been authorized by the FCC 
in response to several petitioners. However, Amateurs wishing to perform this service must 
first get permission from NASA. 

FCC ACTION ON THE "NO-CODE" AMATEUR LICENSE is unlikely until early 1984, according to 
Washington sources. There is also considerable speculation that the rebuff the League took 
on the Amateur licensing program is a harbinger of a pro No-Code decision when the Commis¬ 
sioners do finally consider that thorny issue. 

The Widely Heralded Air Force Letter Opposing No-Code was apparently only a statement by 
some Air force MARS people that their JlARS appointments (which do include HF band operations) 
would require CW ability, and was not a statement of official Air Force policy. In addition, 
no basis has been found for a recently circulated rumor that the CIA had told the FCC that a 
No-Code license "would not be in the national interest." 

2-METER USE BY FISHING BOATS IN PUGET SOUND is concerning Amateurs in the Pacific North- 
westT Reminiscent of similar episodes during the height of the CB boom, when some truckers 
discovered readily available 2-meter rigs offered them a refuge from the bedlam of channel 
19, the fishermen are using 2 meters for "private communications channels" to discuss matters 
inappropriate for the regular marine band or which they want kept secret from others not "in 
the know." It appears the operation was set up by someone knowledgeable, since the fisher¬ 
men have pretty well avoided use of active Amateur frequencies. 

The FCC Has Been Informed And Is Actively Monitoring the illegal operations. At least 
a dozen of the pirate stations seem to be active. 

When The FCC's Program To Involve Amateurs In Enforcement will get under way seems up in 
the air at the moment? Despite earlier hopes it would be in operation by this fall, there 
has apparently been little progress on it in the last few months. 

"WB23XYZ" AND "AB84C" WILL BE LEGITIMATE CALLSIGNS for California Amateurs during July 
and August, 1984. California Amateurs with "6" in their callsigns have been authorized by 
the FCC to use either "23" (for 23rd Olympiad) or ”84" (for 1984) instead of "6" during the 
period of the Olympic games in California next year. 

Amateur Involvement In The Olympics Is Progressing Well , with plans now firm to have 
Amateur HF stations operating from all three Olympic villages. Tentative agreements are 
already well along with a number of countries to waive their restrictions on third-party 
traffic, to enable their Olympic athletes to keep in touch with home via Amateur Radio. 

PIZZA ORDERING BY AMATEUR RADIO WAS BRIEFLY LEGALIZED by a recent, short lived FCC policy 
relaxation. The change, in effect £or only a few weeks in September, was another effort to 
resolve on-going conflicts over what constitutes prohibited communications. It has since 
been rescinded and the Part 97.114(c) restrictions remain in effect. 
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comments 


cable choice 

Dear HR: 

The article, "Inexpensive Hardline 
Connectors," by WB4GCS (May, 
1983) was read with considerable in¬ 
terest. Mr. Sanford's connector may 
work very well in his particular appli¬ 
cation, but there are many other con¬ 
siderations and problem areas to be 
evaluated. I will try to outline some of 
them. 

Do not assume all cables are alike. 
Using 1-inch cable as a reference, 
there are at least three major varieties 
with center conductor diameters 
ranging from 0.19 to 0.24 inch. If 
scaling to 3/4-inch cable, there are at 
least five major varieties. Choose the 
piece that will mate with the center 
conductor carefully. 

The center conductor should be se¬ 
curely captured. I recommend that 
the inner portion of the barb fitting be 
threaded. This is similar to what is 
used on commercial connectors, and 
will assist in retarding conductor 
migration. 

The center conductor should 
thread onto the connector by at least 
1/2 inch, particularly if any power is 
contemplated. If one lives in an area 
of temperature extremes, the use of 
cable with a solid copper center con¬ 
ductor should be avoided. The differ¬ 
ent coefficients of expansion be¬ 
tween the aluminum sheath and the 
copper conductor can lead to all 
kinds of failures. The copper-covered 
aluminum center conductor was de¬ 
veloped to alleviate this. This is a 
prime reason the commercial connec¬ 
tor manufacturers use materials that 
exhibit expansion coefficients similar 
to the cable. 


Mr. Sanford's paragraph on using 
an anti-corrosion compound cannot 
be stressed too strongly. Failure to do 
so can cause the cable to self-de¬ 
struct in less than a year in certain en¬ 
vironments. (Contact an electrician or 
electrical supply house for the brand 
names available in your area.) 

Results must be taken with a grain 
of salt. If a certain homebrew con¬ 
nector works for your particular proj¬ 
ect, by all means use it. Up to approx¬ 
imately 150 MHz, just about anything 
will work reasonably well and give a 
return loss of 14 dB (VSWR 1.5) or 
better. Commercial connectors readi¬ 
ly achieve return losses of better than 
25 dB and virtually immeasurable in¬ 
sertion loss. The 1-inch cables that I 
am familiar with have a loss per 100 
feet of from 0.4 to 0.5 dB at 150 MHz 
and 0.75 to 0.95 dB at 450 MHz. This 
can go a long way toward putting 
power where it belongs. 

One final caution about the cable. 
Use only fresh cable, the source of 
which you are certain. If possible, 
find out the upper frequency limit of 
the CATV system in which it is used. 
Most new systems are operating to 
400 MHz or higher and are using 
cable with excellent characteristics 
well past 500 MHz. There are, how¬ 
ever, many varieties of older design 
cable that are being passed off to 
hams by unscrupulous individuals at 
fleamarkets. Many of those cables 
deliver horrible performance above 
about 200 MHz. When going up 
through the UHF bands, verifiable re¬ 
sults require sophisticated test equip¬ 
ment and thorough attention to de¬ 
tail. Even more insidious is the type of 
cable that does not have the foam 
dielectric bonded to the sheath and 
inner conductor. Any water ingress 
will then migrate completely through¬ 
out the cable. This will quickly turn a 
kW station into QRP level ERP even 
at 20 meters! For high power, at least 
3/4-inch cable should be used to re¬ 
duce the possibility of high-voltage 
RFflashover. 

I am personally all for the use of 75- 
ohm hardline and am designing my 
station for its use. It is produced by 


the millions of feet, is reliable and rea¬ 
sonably priced even when new. 
Hams have been getting ripped off 
for years by sticking to 50-ohm cable. 
If you don't have the time or mechan¬ 
ical dexterity to produce a connector, 
contact your local CATV engineer. 
You will probably be pleasantly sur¬ 
prised to find what is available for the 
asking. 

Carl Huether, KM1H 
Pelham, New Hampshire 


freebies 

Response to our recent offers of supplemen¬ 
tary materials has been tremendous — our 
thanks to all who wrote. Copies of the World 
Press List, the NASA Tech Brief, and the 
RTTY-Atari™ program are still available; send 
a large SASEI with 20b in stamps for the press 
list, 37b for the tech brief, and 54b for the pro¬ 
gram.I for copies of one or all. A sampling of. re¬ 
cent letters follows. - Editor 

Dear HR: 

I enjoyed the article "RTTY and the 
Atari™ Computer" by Dave King, 
K5VUV. Hopefully I can figure out a 
way to interface into the computer 
serial port on my Atari 400, rather 
than use the Atari interface module, 
which costs more than the computer! 

Chuck Hastings, KB3QU 
Annapolis, Maryland 


Dear HR: 

I really enjoyed "RTTY and the 
Atari™ Computer." Although my 
recently-gurchased computer is a 
TRS-80C?, I believe I can use the inter¬ 
face. Please send the program listing. 

P.B. Johnson, VE7DHM 
Sooke, British Columbia 


Dear HR: 

Please send me a copy of the 
NASA tech brief. 

Thank you for a fine publication. I 
am particularly interested in Forrest 
Gehrke's series on phased verticals, 
having used and worked with them 
with moderate success for some 
time. This is the first definitive article 
on the subject to appear in the Ama¬ 
teur literature. 

Arthur J. Conebeer, W6DRL 
Laguna Beach, California 
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compact SSB receiver 


Bigger isn’t always better. 

Here’s a small, 
easy-to-build unit 
that performs much like 
a full-sized receiver 

This simple, compact receiver has a lot of grown¬ 
up features: a built-in speaker, automatic gain con¬ 
trol, good sensitivity, wide dynamic range, and the 
potential for excellent selectivity. Add a small 
voltage-probe antenna and you can cast off the 
feedline and take the receiver with you. 

Most of the necessary components are readily 
available and inexpensive; modular design allows you 
to chose your own packaging. All board layouts, 
photos, and diagrams are provided, and any builder 
with modest experience should find construction no 
problem at all. 

circuit description 

In many respects, this circuit is similar to others 
described in recent Amateur literature.'- 2 However, it 
has some practical features which offer a great deal 
of flexibility. 

Fig. 1 shows the main receiver board. A switch- 
able 20-dB attenuator provides RF gain control to 
prevent receiver overload. Q1 is a grounded-gate RF 
amplifier which provides 10 dB of gain ahead of mix¬ 
er Q2. Q2 is a single-ended MOSFET mixer. This 
stage is coupled to bandpass filter FL-1 by means of 
T1, a broadband matching transformer. Either a me¬ 


chanical or crystal filter can be employed by choos¬ 
ing the appropriate turns-ratio. The filter's output is 
terminated by resistor Rp. Since the filter is not 
mounted on the circuit board, physical size is not a 
factor in filter selection. 

Q3 is the receiver's gain IF stage. Gain is controlled 
by a simple audio-derived AGC system. Diodes re¬ 
place Q3's source resistor in order to bias gate-2 neg¬ 
ative with respect to gate-1. This extends the AGC 
attenuation range. 3 IF transformer T2 is capacitively 
coupled to product detector Q4. The transformer's 
secondary is not used. A toroidal LC circuit can re¬ 
place this transformer for non-standard IF frequen¬ 
cies. IF frequencies from 455 kHz to 9 MHz and be¬ 
yond can be employed without board modification. 

Product detector Q4 is an active circuit which pro¬ 
vides audio pre-amplification ahead of the gain con¬ 
trol. U1, the audio amplifier, is an LM-386. This 1C 
provides a voltage gain of 200 and delivers 400 mW 
of power into an 8-ohm load. A 10-ohm series resis¬ 
tor in the output line protects miniature 200 mW 
speakers from damage. 

The AGC system is a simple audio-derived limiter. 4 
A diode samples the output of U1 and sends a nega¬ 
tive voltage to dc amplifier Q5/Q6. The output of Q6 
is set for a resting bias of +4 volts under no-signal 
conditions. When a strong signal appears, this volt¬ 
age drops to as low as +0.5 volts, reducing Q3's 
gain. Resistor Rp sets the AGC sampling level. The 
value of Rp is selected for best AGC action. Capaci¬ 
tor Ca is optional, but recommended for SSB opera¬ 
tion since it slows release time. 

The VFO shown in fig. 2 is a near-copy of a 
W7ZOI/W5IRK circuit. 5 This design provides excel¬ 
lent performance. The Hartley JFET oscillator drives 
a single MOSFET buffer/amplifier. VFO-output is 
coupled to the mixer through a broadband trans- 

By Rick Littlefield, K1BQT, Box 114, Barring¬ 
ton, New Hampshire 03825 
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The completed receiver can be packaged to suit the builder. 
This 20-meter version features a signal-strength meter and a 
built-in voltage probe antenna system. The illuminated fre¬ 
quency pointer is an LED that has been filed to shape and 
polished. 


former. Builders desiring a thorough treatment of the 
design along with temperature compensation inform¬ 
ation should refer to current editions of the ARRL 
Handbook. 

Figs. 3A, B, and C show BFO circuits. These pro¬ 
vide plenty of output at the high input impedance 
presented by Q4. The 455 kHz version employs a 
ceramic resonator instead of a crystal. These devices 
are considerably cheaper, and much easier to "rub¬ 
ber." Frequency adjustment is accomplished with a 
small 60 pF trimmer. The high-frequency version 
uses standard crystals, and oscillates easily in the 
3-12 MHz range. 

Fig. 4 shows an optional tuned voltage probe an¬ 
tenna circuit. The telescoping rod antenna is coupled 
directly to the Hi-Z end of LI. A dual-gate MOSFET 
provides pre-amplification and impedance matching 
for the rod. Pre-amp output is transformed to 50 
ohms through a broadband transformer. The longer 
the rod antenna, the more broadband the response. 
On 20 meters, a 2-foot (60-cm) rod allows coverage 
of the entire phone band. On 75, a 4-foot (120-cm) 
rod covers around 50 kHz. The antenna and pre-amp 
can be mounted in a receiver case, or remoted from 
the exterior of a structure or vehicle. 

Finally, fig. 5 shows a simple regulator and pilot 
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LED circuit. The LM-7812 holds the operating volt¬ 
age at 12 volts, protects the modules from damage, 
arid keeps noise out of the system. 

construction 

The entire receiver chain, RF amplifier through 
audio, is contained on one main circuit board. Be¬ 
cause oscillators require shielding, they are built sep¬ 
arately. Optional circuits such as the regulator and 
antenna pre-amp are also separate, since some build¬ 
ers may choose to omit them. 

Original artwork for my boards was prepared on 
transparent acetate stock using Radio Shack rub- 
ons. Boards were prepared with the General Cement 
positive developer system and pre-sensitized board. 
You can use this same system by applying lift-film to 
pull the board patterns from this article. Pre-etched 
boards are also available from Radiokit. 6 

Component density is fairly high on all of these 
boards. Miniature parts should be used wherever 
possible to prevent crowding. Choosing small tanta¬ 
lum audio coupling capacitors, low voltage by¬ 
passes, 1/4- or 1/8-watt resistors, and compact elec- 



Good things can come in small packages. This 75-meter net 
monitor is almost dwarfed by its AC adapter. 
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trolytics will result in attractive and uncluttered 
boards. Shielded and unshielded wires should also 
be small in diameter and flexible. Most components 
are available at Radio Shack stores or by mail-order 
through Radiokit. 6 1 reduced construction-costs con¬ 
siderably by drawing on a parts inventory built from 
junked circuit boards and surplus grab-bags. 

Coils are much more difficult to prune after they 




are installed on the circuit board. For that reason, all 
tuned circuits are wound, tacked together with 
solder, and checked for resonance with a grid-dip 
meter prior to actual board construction. A length of 
hook-up wire is used to link-couple the grid-dipper to 
the toroids. Each tuned circuit is then marked and set 
aside for later installation. 

Oscillators are constructed first, since they are 
needed to test the main board. Special attention is 
given to mechanical stability, especially while con¬ 
structing the VFO. Cement firmly in place anything 
that can move or vibrate. Upon completion, check 
for oscillation and proper output level. 

When selecting a VFO main-tuning capacitor, look 
for a "ball-bearing" type with a good vernier drive 
(either built-in or added on). Variables and vernier 
drives are available from several sources including 
Radiokit and BCD Electro. 7 Select fixed capacitors 
for the VFO tank with the main tuning capacitor 
mounted in the receiver case. This provides mechan¬ 
ical stability during component substitution. Values 
for Cl, C2, and C3 are juggled until the desired tun¬ 
ing range and dial linearity is obtained. During this 
process, a frequency counter and pocket calculator 
are very helpful. The counter provides an accurate 
measure of the oscillator frequency, and the calcula¬ 
tor adds and subtracts the IF frequency to give the 
actual receive frequency. If a counter is not available, 
a good general coverage receiver will suffice. 
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After final installation of all frequency determining 
components, mount the VFO board in place and 
mark dial calibrations on the front panel. While full 
shielding of the VFO is desirable, this may be difficult 
in compact packages like the "Micro-75" shown in 
the photo on page 13. In practice, some VFO leakage 
does not appear to degrade performance. 

Construction of either BFO board is simple. After 
assembly and testing, a "can" or small box is con¬ 
structed to shield the board. Unlike the VFO, the 
BFO must be fully shielded to prevent birdies and 
common-mode detector noise. Tin flashing, two- 
sided board, or aluminum all make good boxes. Two 
small holes are needed for the leads, plus an access 
hole for tuning the trimmer. Install the shielded BFO 
in the receiver case. 




tig. 3C. Crystal oscillator BFO. 


Since the main board is more complex than the 
others, it is constructed one stage at a time. Start 
with the audio and AGC sections, and work back to 
the RF amplifier. This keeps the process orderly, and 
allows stage-by-stage inspection. It also leaves in¬ 
stallation of vulnerable toroid inductors until last. 

A number of frequency plans are possible for this 



With the exception of the oscillators, all receiver circuitry is 
contained on the main board. Interconnecting leads for the 
speaker, volume control, and DC power are salvaged rain¬ 
bow-wire. 


receiver. Here are some construction tips for the two 
versions I have built. 

The "Micro-75" receiver is based on a 455 kHz IF. 
Most 455 kHz designs use a mechanical filter. A 1:1 
input transformer and a 2.2 K value for Rp matches 
most of these devices. If external resonating capaci¬ 
tors are required, install them at the filter. A data 
chart for most Collins filters appears in current edi¬ 
tions of the ARRL Handbook. T2 can be any minia¬ 
ture 455 kHz can. Avoid using the 455 kHz IF above 
40 meters, since insufficient image rejection will be 
available at the higher frequencies. 

The 20-meter portable uses a 9 MHz IF. High-fre¬ 
quency IF's generally employ a crystal filter. This re¬ 
quires a 4:1 input transformer and a 300 to 800 ohm 
output termination. When termination numbers are 
not available, use a 560 ohm resistor for Rp. For 
transformer T2, use any 10.7 MHz miniature can and 
add 15 - 22 pF of padding to lower the resonant fre¬ 
quency. This capacitor can be installed beneath the 
board on the extra set of pads provided for this 
purpose. 

Coil data is supplied for 80- and 20-meter opera¬ 
tion. For operation on 40, 30, and 15 meters, a survey 
of other receiver articles will provide LC values close 
enough to get started. The T37-2 forms are quite 
small. Preparing the 20-meter inductors is easy 
enough, but concentration and a steady hand are 
needed to wind the 75-meter versions. I used No. 36 
wire for these because it was available, but there is 
room on the form to substitute No. 34. All toroid 
coils and transformers are glued to the board after in¬ 
stallation to prevent excess movement and lead 
breakage. Note that the 100 pF padding capacitors 
are installed for the 75-meter front-end only. 

Oscillator inputs and mounting pads for resistor 
Ro require solder-pins on the top side of the board. 
(Small flea-clips or discarded resistor leads are fine 
for this purpose.) After all components are mounted, 
wires for interconnections are installed. Cut all leads 
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Total shielding of the VFO ma 
packages like this one. This doe 
formance. The BFO should alw 
the bandpass filter mounted on 


on the long side to facilitate dressing during final 
assembly. Ground-loops are always a possibility 
when modules are interconnected. To prevent this, 
ground shielding at one end only. 

receiver check-out and alignment 

Final assembly can begin after the main board is 
completed. In my prototypes, the bandpass filter is 


externally mounted on the back panel of the receiver 
case. This saves interior space and eliminates the 
need to fabricate a mounting bracket. All jacks, the 
RF attenuator, gain control, and speaker are 
mounted prior to board installation. The board itself 
is mounted on short spacers with No. 2-56 hardware. 
Leads are then trimmed to length and connected to 
their destinations. 

Initial testing and alignment is quite simple. Con¬ 
nect a resistance substitution box or a calibrated 
50K pot to the terminals provided for resistor "Rd". 
A value of 10K is fine for initial testing. Advance the 
receiver gain control to about 3/4 volume, and apply 
power to all three modules. A very soft hiss from the 
speaker indicates that no serious shorts are present. 
Adjust the “bias-set" for a resting AGC voltage of 
+ 4 volts, as measured at the top end of the potenti¬ 
ometer. Tune the IF through its range, looking for a 
slight noise peak to indicate resonance. Finally, peak 
the RF amplifier. If everything is working and the 
band is open, the receiver will come to life. RF trim¬ 
mers should show two signal-peaks as they are ro¬ 
tated through 360 degrees. This confirms that reso¬ 
nance is within the trimmer range, and not off to one 













side. Stagger tune the RF stage to provide even sen¬ 
sitivity across the entire tuning range of the radio. 

To determine the correct value for Rp, tune in an 
extremely strong signal and vary the resistance until 
AGC action is smooth. Too much AGC produces 
overshoot. This is a condition where the AGC over¬ 
responds, producing a "pumping" effect. Too little 
AGC allows the audio amplifier to go into distortion. 
The best value should fall somwhere between 10K 
and 50K. Install the nearest standard-value resistor. 

This design has one quirk that might cause alarm 
during the testing phase. Extremely strong signals 
will sound fuzzy at low volume, yet miraculously 
clear up when the gain is increased. This is because 
AGC is derived from the audio output, and the 
AGC's ability to control the IF is pre-empted by the 
manual gain control at very soft listening levels. Fuz¬ 
ziness at low volume indicates overloading. A 20-dB 
RF attenuator is included in the receiver-chain to cor¬ 
rect this condition. In practice, it becomes second 
nature to switch in the attenuator when the band is 
open and signals are strong. 

options 

The most important addition is the regulator circuit 
described earlier in fig. 5. This provides cheap insur¬ 
ance for a project well done, and cleans up dirty 
power sources like automotive electrical systems and 
inexpensive AC adapters. Since these are the 
sources I use most often, both of my receivers are 
regulated. Mount the LM-7812 on the interior of the 
back panel, and use the positive output lead as a tie 
point for all of the module power leads. If hum per¬ 
sists with your AC adapter, it could be that the ripple 
is dipping -below the regulating range of the LM- 
7812. If this happens, install a 10-ohm resistor in 
series with adapter's plus-lead or get a new adapter 
with more output voltage. 



Simplicity of design is reflected in the front panel of this 75- 
meter net monitor. In place of a signal-strength meter, an 
LED peak-indicator illuminates at full audio output to indi¬ 
cate AGC action. 



fig. 5. Regulator schematic. 


The optional meter circuit shown in fig. 1 is not a 
full blown S-meter, but does measure relative signal 
strength. Almost any sensitive movement can be 
adapted to this circuit with the appropriate value of 
R$. Use care while experimenting, since accidently 
grounding the AGC line destroys the 2N3906. 

The voltage probe antenna circuit is a great addi¬ 
tion when the receiver is going to be taken along as a 
portable. This circuit board is mounted inside the 
cabinet of my 20-meter prototype and connected to a 
short collapsible whip that extends through the top 
of the case (the 75-meter receiver uses one as an ex¬ 
ternal accessory). The pre-amp components are very 
similar to those used in the receiver front-end, and 
the same techniques apply for construction. A DPDT 
switch on the back panel applies power and brings 
the pre-amp on line for portable use. The antenna 
trimmer is accessible through the back of the cabi¬ 
net, since peaking is quite critical and may require re¬ 
adjusting from time to time. (It's a thrill to hear VK's 
and ZL’s rolling in on a 2-foot [60 cm] whip while sip¬ 
ping coffee at the kitchen table!) 

conclusion 

This is a very functional receiver design, easy to 
construct from available parts. The unusually flexible 
circuit allows selection of alternate frequency-plans 
without board modification. Many of the features 
one would expect to find in a full-sized communica¬ 
tions receiver are included. 

references 

1. Marriner, W6XM. ''80-Meter Receiver for the Experimenter," ham radio, 
February. 1981. page 25. 

2. Doug DeMaw. W1FB, "Build a Bare Bones CW Superhet," Q$T, June. 
1982 

3. G. Woodward. W1RN, editor. The Radio Amateur's Handbook, 60th edi¬ 
tion. ARRL. Newington, Connecticut, pages 8-33 to 8-37. 

4. Rick Littlefield, K1BQT. "Construct an Audio Amplifier with AGC for 
Your Simple Receiver." OST, April, 1983. 

5. G. Woodward. W1RN. editor. The Radio Amateur’s Handbook, 60th edi¬ 
tion. ARRL. Newington. Connecticut, pages 8-40 to8*42. 

6. Etched circuit boards, parts, and kit for t he "Compact SSB Receiver" are 
available from Radiokit. Box 411, Greenville. New Hapmshire 03048. 

7. Variable capacitors and other parts available from BCD Electro. P.O. Box 
119. Richardson. Texas 75080. 

ham radio 


18 SB November 1983 






designing 

a modern receiver 


Achieve high performance 
through careful selection 
of LO and IF frequencies 
using IMD charts 


Most general-coverage receivers have, up till 
now, been designed around commercially available 
IF filters. The popular 9 MHz approach performs well 
but exhibits a variety of internally generated spurious 
products when used in a general coverage mode. 
The chart in table 1 shows some of these products 
and how they impact on received frequencies. (Prod¬ 
ucts produced in the premixing schemes of local os¬ 
cillators have not been considered in this example.) 

While the design trend has been to use up-conver- 
sions with first IF's higher than the highest frequency 
to be received (typically 35 percent higher for im¬ 
proved image rejection), performing a system design 
for the frequency scheme of a multi-conversion re¬ 
ceiver has been considered a complicated mathemat¬ 
ical analysis beyond the ability of the average Ama¬ 
teur. This need not be so; this article provides the 
reader with the tools necessary for understanding the 
design process more fully. 

In a receiver, mixers provide undesired output 
products in addition to their sum and difference fre¬ 
quencies. These products are called intermodulation 
products. This phenomenon is complicated by the in¬ 
creased front-end bandwidth requirement referred to 
as general coverage as well as by the IF bandwidth 
requirement. If a multi-mixer situation exists, such as 
in a multiconversion receiver, the problem is further 
aggravated, as initial unwanted products from one 
mixer combine with those of another, creating a mul¬ 
titude of "birdies” (unwanted interference that 


sounds like the whistling of a bird) at the final IF out¬ 
put. Regardless of whether a receiver is dedicated or 
general coverage, the problem of intermodulation 
products has to be carefully understood and weighed 
against system parameters so that the fewest possi¬ 
ble "birdies" are internally generated and heard with¬ 
in the passband of the receiver. 

predicting IMDs 

Let's look at some analytical tools the system de¬ 
signer uses to determine these products. Assume 
we're going to design a fixed-frequency receiver for 
70 MHz (fig. 1). With a local oscillator of 90 MHz, the 
receiver will have a first IF of 160 MHz using an up- 
conversion mixing technique. (The second conver¬ 
sion of this receiver is not discussed here in order to 
simplify this case.) To use the mixer product chart 
(fig. 2) normalized frequencies must be calculated. 
Dividing the design frequency by the local oscillator 
frequency generates the first normalized number: 



Dividing the first IF by the local oscillator frequency 
generates the second normalized number: 


f2 


160 

~W 


= 1.778 


With this information and the mixer product chart, 
find the locus point (the intersection of a system of 
lines which satisfies one or more given conditions) 
for the two ratios, as shown in fig. 3. The chart in 
fig. 2 shows all products produced not only by the 
fundamentals, but also by multiples of the signal and 
oscillator frequencies present in the mixer stage, and 
correspond to the second, third, fourth, fifth, and 
sixth harmonics of the two mixed signals. 


By Cornell Drentea, WB3JZO, 7140 Colorado 
Avenue North, Brooklyn Park, Minnesota 55429 
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The order of the product is determined by the 
sum of the harmonic orders involved. For example, 
5ft ± 2/2 is a seventh-order product (regardless of 
the mathematical operation involved) because it in¬ 
volves the fifth harmonic of// combined with the 
second harmonic of f 2 - Higher-order products are 
also present, but they are usually of a sufficiently low 
level so as not to cause problems. Any line that 
crosses the locus point corresponds to a product 
which is identified on the edge of the chart. 



Values of f, and f 2 can be substituted and the inter¬ 
ference can be anticipated and avoided. If the locus 
point is examined closely, one can be assured that 
there are no in-band products in this case, but ana¬ 
lyzing the areas adjacent to the locus point indicates 
some out-of-band spurs (spurious, unwanted prod¬ 
ucts) which will have to be suppressed by the IF filter 
to the level specified in the requirement. By knowing 
their order (given by the chart), their predicted ampli¬ 
tude can be found (in our case, 170 MHz). The 
seventh and ninth-order products ( 5fi - 2f 2 and 
5f 2 - 4ft) are predicted to be 81 dB below the IF 
level (typical manufacturer prediction). The IF filter 
will have to provide 9 additional dB of attenuation at 
170 MHz to accomplish a system requirement of 90 
dB as shown in fig. 1. A simpler method of finding 
these products can be achieved by using the charts 
in tables 2 and 3. The chart shown in table 2 is for 
mixers used in an additive mode (B + A) where A and 
B are the mixing frequencies and B>A. The chart 
shown in table 3 is for mixers used in a subtractive 
mode (B-A) with the same conditions applying. If 
using the same example, and substituting /; for A 
and f 2 for B, the same ratio can be obtained. 



We then use table 2, since the mixer in our example 
operates in the additive mode, and find the corre¬ 
sponding products as indicated in fig. 4 ( 5A-2B and 
5B-4A). If the numerical values of A and B are insert¬ 
ed in these formulas, the same resultant values can 


table 1. Examples of spurious frequencies present in receiver using 9 MHz IF. 


B 

LOCAL 

OSCILLATOR 

FREQUENCY 

MHz 

BFO 

FREQUENCY 

MHz 


| 




12.0025 

9.0025 

3LO-3BFO 

0.3 

0.2 



12.6030 

9.0025 

5LO-6BFO 

0.3 

0.2 



14.4035 

9.0025 

5LO-7BFO 

0.3 

0.2 



15.0033 

9.0025 

3LO-4BFO 

0.3 

0.2 



18.0025 

9.0025 

LO-BFO 

0.4 

0.2 



20.2550 

9.0025 

4LO-8BFO 

0.4 

0.2 



21 0050 

9.0025 

3LO-6BFO 

0.4 

0.2 

?9ll£ .4.. 


4.5000 

8.9975 

2LO 

0.5 

0.3 



5.99916 

89975 

3LO-BFO 

0.5 

0.3 



9.0000 

8.9975 

LO 

05 

0.3 


20.9975 

11.9975 

8.9975 

3LO-3BFO 

0.6 

0.4 


21.5970 

12.5970 

8.9975 

5LO-6BFO 

0.6 

0.4 



14.3965 

8 9975 

5LO-7BFO 

0.6 

0.4 



14.99667 

8.9975 

3LO-4BFO 

0.6 

0.4 



16.1960 

8.9975 

5L08BF0 

0.6 

0.4 



17.9975 

8.9975 

LO-BFO 

0.6 

0.4 


1EESBHi 

20.2450 

8.9975 

4LO-8BFO 

0.6 

0.4 

_ *2 _ 
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be obtained with this method, which is usually pre¬ 
ferred. If this receiver were not designed for a fixed 
frequency, you can imagine what a job it would be to 
evaluate all the higher-order products generated by 
using this method. 

computers speed the analysis 

Today, computer programs are used successfully to 
help designers anticipate potential problems. In our 
example, a TI-59 programmable calculator is used to 
perform this tedious task. (A program listing is in¬ 
cluded in table 4 for those wishing to work out their 
own problems.) 

This program finds all combinations of (m x LO) 
± (n x RF) and prints those frequencies that fall in 
the center of the IF by actually indicating “IF" in the 
printout. Those frequencies that fall within the pre¬ 


determined IF bandwidth but are not exactly in the 
center are also reported in the printout by the indica¬ 
tion "BW" (fig. 6). The sample program in fig. 6 
shows how our 70 MHz fixed-frequency receiver may 
be analyzed using this method. If the 90 MHz LO is 
entered into the user-defined key A, the 70 MHz RF 
into B, the 160 MHz IF into C, and the IF bandwidth 
we wish to analyze into D (50 MHz), a report is ob¬ 
tained by depressing key E', indicating that we are 
ready to run the program with the entered data as 
shown in fig. 5. If a mistake occurred in the process 
of entering the information, new data can be entered 
by repeating the above process with no alteration to 
the actual program. We can now run our analysis by 
depressing key E. A complete list of products will be 
automatically printed as shown in fig. 6. The process 
takes approximately four minutes to analyze all cases 
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of m and n within the 50 MHz bandwidth. This may 
seem to be a long time, but not if we compare the 
time expended in manually searching the product 
chart in fig. 2. 

This program can be recorded on two magnetic 
cards. For those with a TI-59, table 4 shows the 
actual listing of the intermodulation products pro¬ 
gram. Partitioning (OP 17) is 479.59. Table 5 lists the 
procedures necessary for running the program. The 
amplitude of the undesired products identified de¬ 
pends on their particular order number (m + n). Most 
products of the seventh order or higher will be at 
least 60 dB down from the IF level, and are usually 
not considered to cause problems. Unless different 
instructions are entered, the program will automati¬ 


cally calculate all products to the twelfth order 
(6x LO) ± (6x RF) (no user inputs to A' and B' are 
required). If a different resolution is desired, the two 
keys should be addressed accordingly. The execu¬ 
tion time of this program is a direct function of the 
product order and the IF bandwidth required by the 
user. 

a system design for a general 
coverage communications receiver 

In the following pages we will consider a system 
design for a general coverage HF receiver with a wide 
input bandwidth (28 MHz). Unlike the dedicated sin¬ 
gle frequency receiver analyzed in the above, this 
wideband receiver presents a considerably more 
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quencies) indicates the in-band intermodulation products. The out-of-band spurious outputs that happen to be in the 
vicinity of the IF frequency can also be verified by looking at the products adjacent to the locus point. 


complex product analysis problem, because of the 
many different cases that could be created within the 
input bandwidth. The problem is further increased if 
a double-conversion approach is used, since prod¬ 
ucts generated in the first IF can multiply in the sec¬ 
ond IF. The designer should use good judgment in 
the initial choice of frequencies, since no computer 
or chart can take the place of good engineering pro¬ 
cedures. 

The design objectives are a communication receiv¬ 
er covering 2 to 30 MHz, with good image rejection, 
having a minimum of unwanted products. Looking at 
fig. 7, a double conversion approach is considered 
with an up-conversion first IF compatible with com- 
mercially-available monolithic crystal filters at 75 
MHz. A phase-locked synthesizer used as the local 
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oscillator for the first mixer must be tunable in 10 kHz 
steps over this range. Fine tuning is achieved in the 
second conversion stages with another synthesizer 
which provides frequency resolution of 100 Hz within 
the 10 kHz steps. 

A 9 MHz second IF was chosen because of the 
availability of good crystal-lattice filters at that fre¬ 
quency. Two sideband filters are used in this IF. The 
system will be analyzed using the previously describ¬ 
ed charts; the TI-59 computer program will be used 
to perform the calculations. 

Fig. 8 shows the mathematical model for this re¬ 


CONDITIONS | 

6. 

X LO 

6. 

x RF 

90. 

LO 

70. 

RF 

160. 

IF 

50. 

BW 

fig. 5. Depressing Key E' will print out all conditions 

entered by the operator. 



ceiver. An RF signal within a 2.000 to 30.000 MHz 
range is injected into the first mixer, where it sub¬ 
tracts from the first local oscillator frequency and 

table 5. User instructions for the TI-59 intermodulation prod- 




30 Iffl November 1983 






















CONDITIONS 

CONDITIONS | 

3. 

x LO 

0. 

x LO 

6. 

x RF 

2. 

x RF 

150. 

* BW 

140. 

* BW 

2. 

x LO 

1. 

x LO 

5. 

x RF 

1. 

x RF 

170. 

* BW 

160. 

= IF 

5. 

x LO 

2. 

x LO 

4. 

x RF 

0. 

x RF 

170. 

* BW 

180. 

* BW 

4. 

x LO 



3, 

x RF 



150. 

* BW 



fig. 6. 

Depressing Key E o 

n the TI-59 will 

run the inter- 

modulation product program within the specified con- 

ditions indicating the same problem areas 5RF-2LO and 

5LO-4RF as previously determined with the intermodu- 

lation charts. Other problems are also indicated within 

the IF bandpass but are nc 

t considered in 

our example 

for reasons of simplicity. 




produces a 75.000 MHz IF. This local oscillator is 
configured as a synthesizer operating from 77.000 to 
105.000 MHz in 0.01 MHz (10 kHz) steps. This dic¬ 
tates the bandwidth of the first IF to be 10 kHz mini¬ 
mum, from 74.995 to 75.005 MHz in order for the 
second local oscillator to be able to provide fine tun¬ 
ing in the second IF, A 75 MHz tandem monolithic fil¬ 
ter from Piezo-Technology Inc. can be used in this 

application. If RF = A and LO = B, two ratios -g- 
can be created: R minimum and R maximum. 


r min 77,000 0025 

r MAX - jgyoo - 0.285 

We will use the mixing product chart (table 3) for 
subtraction since our IF is 75 MHz, and find the en¬ 
tire band between Rmin and Rmax as shown in fig. 
8. Any product indicated within this band could be a 
potential problem for the corresponding received fre¬ 
quency. 

A look at the chart indicates a series of problems 
(7A, 6A, 5A, 4A, 3A, 2B-5A, with the worst one at 
3A). If the TI-59 program is used, we can verify this 
case as shown in fig. 8. At first we can say that the 
third harmonic of one of the two mixing signals could 
be quite powerful and could indeed produce a prob¬ 
lem, but a closer look at the system indicates that the 
offending frequency A, is actually a received fre¬ 
quency and chances are very good that a distant 25 
MHz station has a level of insignificant third harmon¬ 
ic (75 MHz) appearing at the antenna of our receiver. 

The problem is further diminished by our receiver's 
preselector, which greatly attenuates at 75 MHz. The 
same conditions apply to the other products indi¬ 
cated by the chart. They present even a better case 
since they are further removed from the received fre¬ 
quencies. This is a case where judgment is more im¬ 
portant than all our tools, which are only used to 
warn of possible problems. 

The case would be different, however, if the B sig¬ 
nal were the offender, as 3B would have been the 
third harmonic of the local oscillator, which can be of 
relatively high amplitude and cause interference. 





fig. 7. Communications receiver block diagram. The first IF is 75 MHz with a second IF of 9 MHz. A two-loop synthesizer is 
used to provide coarse and fine tuning. 
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The filtered first IF range of 74.995 to 75.005 MHz 
is further mixed with the second local oscillator oper¬ 
ating in 0.0001 MHz (100 Hz) steps over the 10 kHz 
range of 83.995 to 84.005 MHz, providing fine tuning 
for the receiver. If Rmin and Rmax are found for the 
second IF a new band of interest can be located on 
our chart, as shown in fig. 8. 

Rmin = = 0.89285076 

Rmax = = 0.89286352 

Since the range to be covered is only 10 kHz, the 


band is very narrow and in reality is expressed by the 
same number (0.892) because the chart extends to 
only three decimal places. The IF is centered at 9.000 
MHz and its bandwidth is determined by the two sin¬ 
gle-sideband filters. For simplicity, the minimum 
corner frequency (- 3 dB) of the lower filter and the 
upper corner frequency for the higher filter were 
chosen, determining a total bandwidth (-3 dB) of 
0.0051 MHz (5.1 kHz for both sidebands). Fig. 8 
clearly indicates that there is no problem except for a 
thirteenth order product which can be ignored. Since 
the band is so narrow and close to the 1.000 ratio 
which presents quite a few problems, the computer 



32 Q2S November 1983 






is used to completely insure safety. Unless othewise 
instructed, the program will not point out the thir¬ 
teenth product as it is programmed to only calculate 
products to the twelfth order. If the order is in¬ 
creased to 14, the computer will indicate that there is 
no case for a 7A-6B within the ratio range. 

In analyzing the second IF in fig. 8, a total band¬ 
width of 0.0374 MHz (37.4 kHz) is considered to in¬ 
sure complete freedom from intermodulation prod¬ 
ucts within the slopes of the 8-pole filters used in this 
IF (37.4 kHz is the -60 dB total bandwidth of the 
two filters), as shown in fig. 9. It can be seen from 
this analysis that the charts can be used only as a 
guideline. For a more in-depth analysis, the TI-59 
program or some other means of calculation must be 
used to obtain precise answers. 

Up to this stage no real interference problems have 
been encountered. The last conversion is from 9.000 
MHz ± 0.00255 MHz to audio between 0.00045 to 
0.00255 MHz (450 Hz to 2.550 kHz) in both single¬ 
sideband filter cases. The conversion takes place in a 
third mixer (product detector), as shown in the ex¬ 
ample (fig. 10). 

Rmin = = 0.999833 

Umax = £^§f 5 = 0.999833 

These identical ratios locate the intermodulation 
band to be analyzed as very close to the 1.000 ratio in 
the chart and with a -3 dB bandwidth of 0.0021 
MHz (2.1 kHz). No problems are found for either one 
of the single-sideband filters. However, if the - 60 
dB bandwidth (0.0374 MHz) of the 8-pole filters is 
used for the TI-59 computer program, the 2B-2A 
problem circled in fig. 8 becomes evident at the 3 
kHz point in the slopes of our filters. This is true for 
either sideband filter as shown in fig. 11 and the re¬ 
sulting audio distortion can be cured only by improv¬ 
ing the shape factor of the filters, in our case by 


doubling the number of poles to 16 for each one of 
the single-sideband filters. 

Another way to cure this problem would be to in¬ 
troduce a lowpass filter in the audio portion of our re¬ 
ceiver which will cut off all frequencies beyond the 
2.55 kHz which is the highest frequency passed by 
the filters. A practical cut-off point would be at 2.8 
kHz. The first method is preferred, however, because 
it also provides better adjacent-channel rejection, im¬ 
proving overall receiver selectivity. 

conclusion 

In performing this analysis for the design of a 
double-conversion general-coverage communica- 
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More reasons to call Calvert first: 

Lowest prices 
in America. 
Service you can 
depend on. 


low introducing the additional convenience 



of 


3-4C0Z 

3-500Z 

3-1000Z 

3B2B 

3CX4C0U? 

3CX8C0A7 

3CX1500A78877 


9.50 6LF8 

7.50 6L06 


88 00 
88.00 
367 00 
12.50 


20 00 


6MJ6 

12AT7. 

12AU7 

12AX7 ECC83 
304TH 

_ 304TL 

455.00 572BT160L 

(572B) i;;;;;;,; 


S3 85 6883B8032A 

7 19 6907 

6 83 6939 

7 28 7054/8077 

2 93 7056 

2.63 7058 


811A 


(4-ioooai j-,y 

4CX250B/7203 

4CX250BC 

4CX350A 

4CX350F , 

4CXICOOA 

4CX1500B 

4X150A/7034. 

4XI50D/7609 

4X150GB172 

5AR4 GZ34 

5R4WGB 

5Z3 

6AK55795 
6AL5 
6AQ5 
6CA7 

6DJ8/ECC88 
6JE6 
6JG6A 
6JM6 
6JS6C 


" 69 95 
58 00 
65.00 


12 00 7854 YL1060 


4.50 E458'YL1240 

3 70 8505A'YL1250 
48 00 6509 


SK606 Chimney lot 4X150A. 4CX250B. 4CX35UF 10 00 


33 00 

95 00 
140 00 
78 00 
39 00 
105 00 
117 00 
60 00 
200 00 
194 00 
200 00 



tions receiver, we have shown that the design meets 
the requirements which introduces a minimum of in¬ 
termodulation problems. We can now proceed with 
confidence to the circuit design of our receiver. All 
frequency mixing techniques used in communica¬ 
tions receivers generate unwanted products within 
their outputs, and the fact remains that any configu¬ 
ration chosen is simply the best compromise in the 
opinion of the designer. The problem of intermodula¬ 
tion distortion within a receiver's scheme can be min¬ 
imized by performing a careful analysis, such as ex¬ 
plained in this article. 



SPECTRUM WEST 






















time and frequency standards: 

parti 


Accurate measurement 
requires accepted standards, 
precision electronics, 
and an understanding 
of atomic physics 



(WARC) has set aside five bands for standard fre¬ 
quency and the time signal emissions as shown in 
fig. 1. The carrier frequencies for such broadcasts 
should be maintained accurately enough so that the 
average daily fractional frequency deviations from 
these internationally designated standards for mea¬ 
surement of time intervals do not exceed ± IxlO -10 . 
The map in fig. 2 shows numerous radio stations 
used for time-frequency determination (TFD). Sta¬ 
tions that provide strong signal transmissions to 
North America are listed in table 1. Other stations 
that can be received elsewhere in the world are listed 
in table 2. 

LF time and frequency systems 

The majority of American and international "VLF" 
standards stations transmit within the VLF (10 to 30 
kHz) and LF (30 to 300 kHz) bands, respectively. 


In the early part of this century, both systems were 
used for long-range communication between col¬ 
onies and parent countries, and by navies for general 
trans-oceanic communication. Then, as now, the ad¬ 
vantages of VLF and LF systems included reliability 
with very little signal attenuation, even over vast 
distances. 

In many instances these systems were replaced 
with HF systems that used smaller antennas. But 
many novel VLF antenna systems have been built; 
some consist of long cables strung across valleys or 
volcanic craters, from towers several hundred meters 
tall. One such system in Cutler, Maine, radiates 1 
MW of power using a “top hat" supported by 
twenty-six masts, each approximately 300 meters in 
height. This installation covers over two square kilo¬ 
meters and has a radial ground system of buried cop¬ 
per wire that totals over three million meters in 
length. 



By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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during World War II, with the evolution of the Radux 
navigational system, in which low-frequency carriers 
demonstrated exceptional stability. 

Since the mid-1950s there has been great progress 
in the development of LF communications. Work by 


Pierce, Mitchell, Essen, and Crombie showed a 100 
to 1000 time improvement in frequency compared to 
existing HF techniques. Early in the 1960s, more sta¬ 
ble atomic frequency standards began to take the 
place of crystal oscillators, and confidence in the 


table 1. "Standard" VLF stations receivable in the 
United States (10.0-30.0 kHz). 


station frequency 

GBR 16.0 kHz 

NAA 17.8 kHz 

NRG 18.6 kHz 

NPM 23.4 kHz 

WWVL 20.0 kHz 

and 19.9 kHz 

NSS 21.4 kHz 

NBA 24.0 kHz 


location 
Rugby, England 
Cutler, Maine 
Jim Creek, Washington 
Laulaulei, Hawaii 

Fort Collins, Colorado 
Annapolis, Maryland 
Balboa, Canal Zone 


table2. Worldwide VLF stations. 1 

station 

frequency 

location 

JG2AS 

40.0 kHz 

Kemingawa, Japan 

OMA 

50.0 kHz 

Podebzady, Czechoslovakia 

WWVB 

60.0 kHz 

Fort Collins, Colorado 

MSF 

60.0 kHz 

Rugby, England 

HBG 

75.0 kHz 

Pranginis, Switzerland 

DCF-77 

77.5 kHz 

Mainflingen, Federal 

Republic of Germany 

CYZ-40 

80.0 kHz 

Ottawa. Canada 

FTA-91 

91.15 kHz 

St. Andre de Corey, France 
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fig, 3. A typical electromechanical VLF single- 
frequency comparator. 



fig. 4. The Fluke Model 207/205 VLF receiver/comparator. 


new system was soon rewarded when Pierce, Wink¬ 
ler, and Corke demonstrated that a transatlantic 
phase comparison could be made on a 16-kHz carrier 
to within 2 microseconds. Today, most FTDs are 
made by atomic frequency standards and referenced 
to a coordinated international time base. This has 
seen the realization of economical and reliable 
dissemination of frequency to within several parts 
per 10 11 in a 24-hour period. 

VLF single frequency comparison 

An older, electromechanical VLF method is shown 
in fig. 3. It uses the principle of a servo-driven phase 
shifter continuously phase locking a synthesized sig¬ 
nal from the local standard to the received VLF sig¬ 
nal. A linear potentiometer's output, connected to a 


constant voltage source, generates a voltage related 
to the phase shifter's position. The recorder shows 
the amount of phase shift experienced by the local 
synthesized signal and whether or not it agrees with 
the phase of the received signal. An early instrument 
that used this principle was the Fluke model 207/205 
VLF receiver/comparator (see fig. 4). A more 
modern piece of equipment designed for the same 
purpose is the Tracor model 900A VLF/LF receiver 
shown in fig. 5, which operates in the VLF band 
from 20 to 25 kHz, and compares the phase of a local 
frequency standard with the received carrier of a fre¬ 
quency-stabilized transmitter. With this instrument, 
a local standard can be checked to within ten parts 
per billion. 

A related instrument manufactured by Tracor is 
the model 527E frequency difference meter, shown 
in fig. 6. This solid-state instrument measures fre¬ 
quency differences instantly and has a built-in meter 
to provide signal-quality assessment regardless of 
whether the two signals (the reference and signal fre¬ 
quencies) are the same. Since this device is used in 
the calibration and determination of time and fre¬ 
quency, it is assumed that the two measured fre¬ 
quencies are relatively close to one another. The 
527E has a scale that determines signal difference 
magnitude in the parts per 10 7 to 10 11 range. An ex¬ 
ternal recorder connector on the back of the instru¬ 
ment is available so that the internally generated dc 
voltage that is produced in proportion to frequency 
difference can be recorded. Consequently, this in¬ 
strument can be used to adjust two oscillators to the 
same frequency, measure frequency differences be¬ 
tween two oscillators, offset one oscillator from 
another by a given amount, and determine the short 
and long-term drift of an oscillator. 



fig. 5. The Tracor VLF/LF receiver (Model 900A). 


ii am^ii 

fig. 6. The Tracor frequency difference meter (Model 527E). 
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fig. 7. The Tracor rubidium frequency standard, Model 
308A. 



Many labs in which extremely accurate and drift- 
free frequency standards are required use the Tracor 
308-A to determine rubidium 87 frequency stan¬ 
dards. This instrument, shown in fig. 7, is set at the 
factory for 10 parts per billion accuracy and has a 
month-long drift stability term of better than 30 parts 
per billion. Used in astronomy, navigation, metrology 
and communications, this instrument has an MTBF 
(mean time between failures) of better than 25,000 
hours; compare this to many airborne military elec¬ 
tronic pieces of equipment with MTBFs of less than 
500 hours. 

With the advent of solid-state electronics and 
mass production techniques these seemingly exotic 
pieces of equipment are not unduly expensive, con¬ 
sidering the cost of comparable units ten years ago. 
The VLF/LF receiver with antenna is priced at ap¬ 
proximately $2500; the frequency difference meter, 
$4800; and the rubidium 87 frequency standard, 
$14,500. 

Why is the rubidium 87 standard so much more ex¬ 
pensive than the others? First, let's take a look at 
atomic frequency standards in general. 

atomic frequency standards 

Atomic frequency standards employ an atomic 
resonance device with a frequency source such as a 
voltage-controlled oscillator phase-locked to it. 
These devices fall into two categories, active and 


passive. Cesium beam tubes and rubidium vapor gas 
cells are passive devices, whereas hydrogen masers 
are active devices, or resonators. 

The hydrogen maser. This — the most stable of all 
known sources — provides a frequency that is well 
defined without any need for comparison with an ex¬ 
ternal standard, as we have done previously. (For a 
quick visual explanation of the operation of the hy¬ 
drogen maser, see fig. 8.) Unfortunately, this piece 
of equipment is large, expensive, power consuming, 
and at best suited only to laboratory use at this time. 
Its use is consequently limited to specialized applica¬ 
tions requiring extreme accuracy as well as extraordi¬ 
nary stability. The hydrogen maser uses a beam of 
hydrogen atoms directed through a highly nonhomo- 
geneous magnetic field that selects atoms in states of 
higher energy and allows them to proceed into a 
quartz bulb. Here, a tuned microwave cavity allows 
atoms to make random transits; the atoms reflected 
at each encounter within the bulb walls. While 
undergoing many collisions with the walls, the 
atoms' effective interaction times with the micro- 
wave field is lengthened to about 1 second. During 
this interaction process, the atoms tend to "relax" 
and release energy to the microwave field within the 
tuned cavity. This field also stimulates more atoms to 
radiate, and asteady-state maserreaction isachieved. 
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Ifg. 11. The Hewlett-Packard rubidium vapor frequency 
standard, Model 5065A. 


Cesium beam standards. The basis for operation 
of the cesium beam standard is the Cesium 133 
atom. This system yields an accurate frequency of 
9,192,631,700.0000 Hz and is relatively impervious to 
external electric and magnetic field disturbances. 
(Refer to fig. 9 for a visual explanation of the cesi¬ 
um beam standards.) As the Cesium 133 atoms leave 
the "oven," they are beamed into a vacuum cham¬ 
ber, where they are subjected to excitation by micro- 
wave energy. For frequency control, the atoms are 
made to perform a resonant absorption of energy 
from the microwave signal; after passing through a 
second magnetic field, they are deflected toward a 
hot-wire ionizer. The atoms are then passed through 
a mass spectrometer that detects and helps remove 
any contaminants that could otherwise cause ran¬ 
dom electrical noise bursts. Ion current is converted 
to electric current by the electron multiplier, and the 
amplified current is passed through signal processing 
electronics, which in turn regulates the frequency of 
a voltage-controlled oscillator. The oscillator's out¬ 
put frequency is multiplied and fed back again to the 
cesium beam through a waveguide that closes the 
loop and provides feedback control. 

Rubidium vapor standards. Rubidium vapor stan¬ 
dards, like cesium beam standards, employ a passive 
resonator to stabilize a quartz oscillator. Rubidium 
standards, however, are not self-calibrating and 
must therefore be checked against a cesium standard 
during construction. But once built, they are relative¬ 
ly small and are easily transported. Operation (see 
fig. 10,) is based on the principle of the containment 
of rubidium vapor and an inert buffer gas in a cell illu¬ 
minated by a beam of precisely filtered light. A 
photodetector monitors changes, near resonance, in 
the amount of light absorbed as a function of applied 
microwave frequencies. The microwave signal is de¬ 


rived by multiplication of the quartz oscillator fre¬ 
quency. Resonance frequency is influenced by the 
inert buffer gas pressure. This is why rubidium must 
be calibrated against a cesium reference standard. 
The Hewlett-Packard model 5065A, shown in fig. 11, 
is one rubidium vapor frequency standard. It exhibits 
an extremely low drift-rate of less than 10 parts per 
billion per month and a short-term stability of better 
than 5 parts per billion averaged over a 1-second 
period. 

time standards 

As stated previously, time and frequency are recip¬ 
rocal quantities; therefore, in order for one to be ac¬ 
curate, its counterpart must likewise be accurate. 
But how is time precisely defined? This discussion 
examines several methods and demonstrates the in¬ 
herent inaccuracies of each. 

In 1958, Ephemeris Time (ET) based on orbital 
motion of the earth about the sun at the beginning of 
the year 1900, was established. But this is a difficult 
method, and comparisons to ET are impractical. In 
1964 the General Conference of Weights and Mea¬ 
sures tentatively adopted the "atomic second" based 
on the number of transitions of the Cesium 133 atom. 
The standard was fully adopted in 1967. 
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table 3. National Laboratories collaborating with BIH. 
abbreviation laboratory 


DHI Deutsches Hydrographisches Institut, 

Hamburg, West Germany 
F Commission National de I'Heure, 

Paris, France 


FOA Research Institute of National Defence, 

Stockholm, Sweden 

IEN Instituto Elettrotecnico Nazionale, 

Torino, Ittaly 

IGMA Instituto Geographico Militar 

Buenos Aires, Argentina 

ILOM International Latitude Observatory, 

Mizusawa, Japan 

MSO Mount Stromlo Observatory 

Canberra, Australia 

NBS National Bureau of Standards, 

Boulder, Colorado 

NIS National Institute for Standards, 

Cairo, U. A. R. 

NPL National Physical Laboratory 

Teddington, U. K. 

NPRL National Physical Research Laboratory, 

Pretoria, South Africa 

NRC National Research Council of Canada, 

Ottawa, Canada 


atomic standards 
HP cJstd 

HP CS Std 

HP CS Tube with 

lab electronics 
HP Cs Std 

HP Cs Std 

E Cs Std 

HP Cs Std 

HP Cs Std 

HP Cs Std 

LAB Cs Std 

HP Cs Std 

HP Cs Std 

Lab Cs Std 

Hydrogen Maser 
HP Cs Std 

HP Cs Std 

Lab Cs Std 


Apparent solar time is based on the rotation of the 
earth about its axis with respect to the sun. There are 
problems with this system because its unit of time 
derived would be valid only if the sun were to re¬ 
appear over a fixed point of observation at uniform 
intervals; of course, it does not. Additionally, there 
are irregular variations in the rotational speed of the 
earth and the earth's orbit is elliptical, not circular 
(see fig. 12). The orbital plane, therefore, does not 
coincide with the plane of the equator. (Then too, 
the orbital speed of an object whose path describes 
an ellipse is constantly changing.) 

Mean solar time is simply apparent time averaged 
to eliminate variations due to orbital eccentricity and 
the tilt of the earth's axis. In a leap year, we should 
have 365.25 days per year. But actually, we have 
365.2444 mean solar days. 

Universal time, as with mean solar time, is based 
on the rotation of the earth about its axis; the units 
UT were chosen so that on the average, local noon 
would occur when the sun was on the local meridian. 
The problem with this system is again that the rota¬ 
tion of the earth is not constant. 

Coordinated universal time is corrected universal 
time which involves the frequency of a precision uni¬ 
versal oscillator such as a cesium or rubidium clock 
being offset from its nominal frequency by an 


amount which allowed for the clock rate to be nearly 
coincident with UT2. (UT2 is a type of universal time 
that uses correction factors for seasonal variations in 
the rotation of the earth.) On January 1, 1972, the 
UTC system was improved to allow UTC time to ac¬ 
cumulate at the same rate as International Atomic 
Time and therefore eliminate the problem of oper¬ 
ating systems adding offsets such as the so-called 
"leap second" that is added each year. 

Laboratories that collaborate with the Bureau In¬ 
ternational de I'Heure (BIH), the French equivalent of 
our NBS (see fig. 13), are listed in table 3. In addi¬ 
tion to the three hydrogen masers listed, it is likely 
that the U.S.S.R. has at least one maser, although 
this information is hard to obtain. 

There are other systems, including apparent side¬ 
real time, and mean sidereal time, but it is sufficient 
to say that these herculean attempts to establish ac¬ 
curate time intervals are made so that somebody can 
have an oscillator that is truly fine-tuned. Seriously 
though, if this area of time-keeping seems fasci¬ 
nating to you, as it does to me, then you may want to 
obtain map No. 76, depicting worldwide time zones, 
from the U. S. Navy Defense Mapping Agency. 1 You 
may also wish to be placed on the mailing list of the 
NBS Time and Frequency Services Bulletin issued 
monthly by the Time and Frequency Division of the 
National Bureau of Standards. 2 
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Anyway You Look 
At It.... ADM Has 
Your Antenna 



ADM 11, ADM 13, ADM 16, ADM 20 
Sturdy Aluminum 6t Steel 
Construction 

Easy Assembly 8t Installation 

ANTENNA DEVELOPMENT & 
MANUFACTURING, INC. 

P.O. Box 1178, Hwy. 67 South 
Poplar Bluff, MO 63901 
(314)785-5988 686-1484 ^ 
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Combine a scope and 
an NE555 multivibrator 
to build an important 
diagnostic tool 


a time domain reflectometer 


Before I describe how to build a TDR and discuss 
how it works, consider this simple example of the 
theory behind time domain reflectometry. Assume 
you're standing some distance away from the front 
of a large building. Yell, and you'll hear your echo. If 
you know the speed of sound and measure the time 
it takes between your initial call and the return of 
your echo, you can determine the distance between 
yourself and the building. Just multiply the speed of 
sound by the time it took for you to first hear your 
echo and divide by two. (You divide by two because 
the sound wave goes to and from the building; all 
you need to know is the distance in one direction.) 

Suppose, now, that you get a call from the local 



repeater group saying the repeater cannot be heard. 
They believe the malfunction is in either the transmis¬ 
sion line or the antenna, but they're not certain 
which it might be. With a time domain reflectometer, 
you can tell whether the problem is in the antenna or 
the line — and if the trouble is in the line, approxi¬ 
mately where it is. 

By sending a pulse or transition of levels down a 
transmission line, and then observing the reflected 
signal, you can determine whether the transmission 
line is open, shorted, or terminated by some value of 
resistance. If the termination resistance is different 
from the characteristic impedance of the line, its 
value can also be approximately determined. 

setting up 

The test setup is illustrated in fig. 1. 

The more accurately you measure the time, the 
more accurately you'll be able to locate the fault in 
the transmission line or antenna. Consequently, your 
oscilloscope should be capable of measuring time 
periods down to 0.1 /tS and have a reasonably accu¬ 
rate time base. The bandwidth of the scope is not 
critical, but should be at least 5 MHz. Vertical sensi¬ 
tivity is relatively unimportant; any scope capable of 
measuring video signals should be adequate. 

By Bill Unger, VE3EFC, 431 North Syndicate, 
Thunder Bay, Ontario, Canada P7C 3W9 
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fig. 2. Output of an NE555 multivibrator. Horizontal deflec¬ 
tion is 5 microseconds per centimeter. 


Some scopes have a terminal marked "Gate Out¬ 
put," a pulse that coincides with the sweep time; this 
can also be used to provide the signal. It is important, 
however, that the scope output ha\ie the same impe¬ 
dance as the line you want to measure. 

A 555 1C wired as an astable multivibrator provides 
the pulse train as it oscillates at a frequency of 60 kHz 
(see fig. 2). Frequency here is not critical; if yours is 
slightly different, that's fine. The value of R1 in the 
circuit should match the impedance of the line being 
tested — generally 50 or 75 ohms (fig. 3). 

This entire assembly can be built on a Radio Shack 
project board (No. 276-024), with a switch added for 
selection of either 50 or 75 ohms output. 

interpreting results 

If the line is properly terminated in its characteristic 
impedance, the trace will appear as a straight line, in¬ 
dicating that all of the forward signal has been dissi¬ 
pated in the resistance and no reflection exists (see 
fig. 4). If, however, there is a reflection and the trace 
goes up, this would indicate that the end of the line is 
either open or of higher impedance than the cable 
(see fig. 5). If the trace goes down, the line is either 
shorted or of lower impedance than the cable (see 
fig. 6). As an aid to remembering which is which, 
consider this: when measuring voltage, a short (or 
low impedance) lowers the voltage and an open 
allows the voltage to rise. 

To determine the location of the fault, you must 
measure the time between the initial pulse and the 
pulse caused by the problem. The speed of radio 


waves in free space is 983.5 feet per micro-second, 
so if you multiply the time it takes by the speed of 
light, the result will be the distance to the fault in 
feet. However, because the radio wave is slowed by 
the velocity factor of the coax, you must therefore 
multiply the previous distance by the velocity factor 
and then divide by two to determine location of the 
malfunction. 

Perhaps the method will be clearer if we look at an 
example. Suppose we have a piece of RG-213, with a 
velocity factor of 0.66. A problem exists at a point 
that measures 0.3 nS down the line. The distance to 
the malfunction is the speed of radio waves multi¬ 
plied by the time (983.5 x 0.3) = 295 feet. Correc- 



fig. 3. Schematic diagram of an NE555 astable multivi¬ 
brator used in the time domain reflectometer. 



fig. 4. One hundred feet of RG-213 transmission line is termi¬ 
nated in 50 ohms. Note the basically flat response after the 
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ting for the velocity factor, we multiply 295 feet by 
0.66 to obtain 194 feet. Since this is the total distance 
the signal traveled, dividing 194 by two determines 
the distance from the measuring point to the fault. In 
this case the distance is 97 feet. 

I have prepared a graph (fig. 7) showing the 
distance in feet versus the time to the problem, on 
which the result can be read directly in feet. There 
are two lines, each representing a different velocity 
factor; the top line represents transmission lines with 
a velocity factor of 0.80, which is typical of foam- 
filled lines, and the bottom one, a velocity factor of 
0.66, which would include coax such as RG-8, 
RG-58, and RG-213. 

conclusion 

If your oscilloscope doesn't have a calibrated time 
base you may still be able to employ this method by 
using a section of cable of a known length and then 
expressing the unknown cable in lengths of the 
known one. If a 100-foot cable takes 0.3 /tS to in¬ 
dicate a problem, then a measurement of 0.6 /iS 
would indicate a cable 200-feet long. (Be sure the 
cables you use have the same velocity factor; if they 
don't, the comparison will not be valid.)' 

If you want to measure cables that are less than 40 
feet in length, the task becomes rather difficult 

•Even il Ihe velociiv faciors differ, the fault can slill he located as long as 

the line. Keep in mind tftat the antenna at the end of the line may be either 



fig. 7. Chart enables rapid determination of the dis¬ 
tance to a "fault" if elapsed time is known. Two cables 
with different velocity factors are considered. 


because of the extremely short times involved. In this 
case it would be desirable to add a 100-foot section 
of coax and then subtract 100 feet when you are cal¬ 
culating the distance. 

Now back to that phone call from the repeater 
group. By taking the TDR you've built from a scope 
and an NE555 multivibrator to the base of the tower 
— and keeping the principles of time domain reflec- 
tometry in mind — you'll be able to tell the climbers 
roughly where and what the problem is, 

ham radio 
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construct an 

optical FM receiver 


“See” the entire FM band 
and detect each station 
independently and 
simultaneously 

The ability to see — instantaneously — and detect 
a wide band of frequencies is possible using an 
electro-optical technique known as Bragg cell opera¬ 
tion. 12 A receiver providing this performance con¬ 
sists of an acoustic medium such as a slab of glass, a 
transducer bonded to the glass, a light source, opti¬ 
cal elements and associated RF drive circuits. 3 What 
is achieved is a series of position-modulated light 
spots in the output (plane), each representing a sepa¬ 
rate station with its own information content. The 
practical result of this device is an FM receiver 
achieving 200 kl'Hz resolution, sufficient to separate 
and detect all FM band stations. 



Low-light photograph shows lateral width of light beam tra¬ 
versing Bragg cell. 


Bragg cell operation can be understood in terms of 
a few physical concepts. An RF signal when applied 
across the terminals is transformed into a traveling 
acoustic (sound) wave in the cell. The pressure in the 
sound wave creates a traveling wave of rarefaction 
and compression in the glass medium which in turn 
causes analogous changes in the index of refraction. 
The Bragg cell, as shown in fig. 1, acts as a phase 
diffraction grating with an effective grating line sepa¬ 
ration equal to the wavelength of sound A (which is 
related to the wavelength of the RF-injected signal). 
The deflection angle d><t (measured outside the cell) 
between the incident and the first order light term 
equals 

~ = (\ 0 • f/V s ) where / is the frequency and V s 
the sound velocity. 

Incident light is most efficiently diffracted when 
the incident angle equals 1 /2 • ^ where,X r refers to 

the center of the band. This angle, <t> B , known as the 
Bragg angle, may also be written as: 

<t>B = K/c/2V s (1) 

where f c is the center frequency, and 
V s is the sound velocity 

This design uses a Bragg cell made of glass ( V s = 
4000 m/second and the light source is a He-Ne laser 
[\ 0 = 6328A (Angstrom unit)]. Substituting these 
values in eq. 1 shows that the Bragg angle is 
equal to: 

<t> B = 7.91 x 10~ } f c (MHz) radians, or 
<t> B = 4.53 x 10~’f c (MHz) degrees ( 2 ) 

Denoting the incident angle by <f> B , the Bragg cell 
operation can be represented as shown in fig. 1. All 

By Ting-Chung Poon and Ronald J. Pieper, 

The University of Iowa, Department of Electrical 
& Computer Engineering, Iowa City, Iowa 52242 
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angles have been exaggerated for clarity. The Bragg 
cell diffracts light rays into angles controlled by spec¬ 
trum of acoustic frequencies/,•, where i = 1.2, etc. 
This acoustic spectrum is identical to the frequency 
spectrum of the electrical signal. Though Bragg cells 
exhibit limited bandwidth, this design is sufficiently 
wide to accommodate the entire FM band. 

system configuration 

By definition, an electro-optical receiver contains 
both electronic circuits and optics (see fig. 2). The 
electronics are used as the input and output stages of 
the system with an optical medium in between. The 
input stages "condition" the received signal, provid¬ 
ing compatibility with and driving the optics inter¬ 
face. The input stage electronics consists of an FM 
low-level amplifier, balanced mixer, local oscillator 
and RF power amplifier. Specifically an FM signal is 
amplified in the low-level stage (using a Radio Shack 
FM amplifier), mixed with a local oscillator in the HP 
10514A mixer, and further amplified by the RF power 
amplifier (Intra-Action EE-40), achieving a power 
level of 1-2 watts necessary to drive the Bragg cell. 
Since the Bragg cell (Intra-Action ADM-40) is tuned 
for operation at 40 MHz, with an effective bandwidth 
of 40 MHz, it is necessary to translate the FM band 
(center frequency 97 MHz) down to this center fre¬ 
quency. This is accomplished by mixing with a 57 
MHz local oscillator. In addition, the associated 
Bragg angle for 40 MHz, according to eq. 2, is 0.181 
degrees. 

The optics, shown in fig. 2, include four lenses, 
two of which are identical spherical converging 


lenses (L2 and L3, having a focal length of F2 s 20 
cm) and two are identical cylindrical lenses (LI and 
L4, having a focal length of FI =3 cm). The optical 
processing which precedes the Bragg cell is intended 
to spread the beam laterally (i.e., in the plane of the 
paper) which, for reasons to be explained later, en- 




Completed optical FM receiver. 
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Separated laser spots, each representing a different FM sta¬ 
tion. Large spot at right is zeroth order beam, schematically 
represented in fig. 1. 



hances the frequency resolution. This situation is 
shown in fig. 3, and in the photograph above. The 
sound power is concentated in the cell along the 
center with a height of approximately 2 mm. Conse¬ 
quently, in order not to throw power away, the beam 
has been expanded in one direction only; this is ac¬ 
complished by using a cylindrical lens for LI instead 
of a spherical lens. The laterally diverging beam 
which follows LI is collimated before entering the 
Bragg cell with a spherical lens L2. L2 is placed a dis¬ 
tance equal to the sum of the focal lengths, FI + F2, 
away from the cylindrical lens LI so as to form a 
telescope configuration. A beam of fixed lateral 
width L, which is controlled by the ratio of F2/F1, is 
incident on the cell at the Bragg angle as shown in 
fig. 2. 

Each FM carrier has an independent light beam dif¬ 


fracted in a direction determined by the carrier fre¬ 
quency. For clarity, only a few of the diffracted light 
beams are shown in fig. 2. The second spherical 
lens, L3, is intended to focus the emerging beams in 
its back focal (output) plane. The second converging 
cylindrical lens, L4, is placed in such a way that the 
back focal plane of L3 is imaged in the plane of 
the knife edge in front of the photodiode (see figs. 2 
and 4). 

theory of operation 

For the i th FM station the signal's instantaneous 
frequency is represented by 

fFMj “ f°FM, + &fi(t) (3) 

which is the sum of a fixed carrier frequency/ra^ and 
a time varying frequency difference A ftft), the latter 
being proportional to the audio signal. The FM varia¬ 
tion A fi is small compared to the carrier j% M .. Using 
eq. 3 the i th FM station is beamed, on the average, in 
a direction given by 

<t>d, = 

= 1.58 X 10~ 4 UfM( (MHz) - f m (MHz)]radians, 
or (4) 

a 9.06 X 10 ~ 3 [fpMj (MHz) - f m (MHz)) degrees, 

where f m is the mixing frequency (57 MHz). This is il¬ 
lustrated in fig. 5. The actual instantaneous angle of 
deflection deviates slightly from the above angle due 
to the inclusion of Af,(t) which causes a 'wobble,' 
Ain the deflected beam: 

A <j> d , = 1.58 X 10 “ 4 Afi (MHz) radians or 

= 9.06 X 10- 3 Afi (MHz) degrees. (5) 

This relationship between the audio signal (as encod¬ 
ed in A f{) and the variation in the deflected angle is 
used to generate an electrical signal with an ampli¬ 
tude proportional to the strength of the signal. By 
placing a knife edge screen in front of a photodiode 
(see fig. 6) in the detection plane, the integrated light 
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fig. 4. Photodiode circuit used in 

FM receiver. 
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intensity varies with the wobble, A<j> di , and hence 
provides a current proportional to A/„ i.e., propor¬ 
tional to the audio signal. 

frequency resolution 

Resolution is proportional to the lateral width of 
the light beam transversing the Bragg cell. The num¬ 
ber of resolvable angles 2 for a total frequency 
change, A/, is given by: 

N = (d/VJAf (6) 

where d is the lateral width of the light beam. You 
may notice that (d/VJ is the transit time of the sound 
as it transverses the light beam. In our case, the laser 
beam width is increased from 1 mm to 20 mm (2 cm), 
which is the lateral width L as shown in fig. 2. Since 
the full FM band (88-108 MHz) is used. A/is then 20 
MHz. Substituting the velocity of sound for glass, 4 
x 103 m/sec in the equation, the calculated transit 
time, (0.02 m/4 x 103 m/sec), j s 5 x 10 -6 second. 
Direct substitution into eq. 6 results in 100 resolvable 
points over the FM band or a frequency resolution of 
200 kHz. Therefore all FM stations are resolvable. 
Eq. 6 can be used to predict the resolution for any 
Bragg spectrum analyzer application. 

In summary, the audio signal of the i 1h FM station, 
A/„ results in a wobbling diffracted beam, 
which is then transferred to the electrical domain by 
using a photodiode positioned in the shadow of a 
knife edge. 

where to get parts 

Electronics obtainable from Radio Shack are: 

Archer FM amplifier, Catalog No. 15-1122 
Realistic stereo integrated-amplifier 
SA-102, Catalog No. 31-1963 
FM antenna. Catalog No. 15-1639 




Archer color matching transformer, 

Catalog No. 15-1140 

Realistic Minimus speaker, Catalog 

No. 40-1996 

The following optics are available from Edmund 
Scientific Co., 101 E. Gloucester Pike, Barrington, 
New Jersey 08007: 

He-Ne laser 

Spherical converging lens (F s 20) 

Cylindrical converging lens (F = 3) 

The following are available from Intra-Action Co., 
3719 Warren Avenue, Bellwood, Illinois 60104, tele¬ 
phone 312-595-3770: 

RF amplifier — E-40 

Bragg cell — ADM-40 or AOM-40 
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TECHNIQUES 


/ met Pat Hawker, G3VA, some 
years ago at an electronics trade 
show in. New York, and since then, 
we've QSO'd from time to time. One 
of Pat's attributes is his ability to fer¬ 
ret out new ideas that otherwise 
could be lost in the noise of the day- 
to-day progress of the electronics 
world. / always enjoy reading Pat's 
column, "Technical Topics," in the 
magazine Radio Communication, the 
flagship publication of the Radio 
Society of Great Britain. 

"absorbing yagi" 

In his November, 1982, column, 
Pat described the "absorbing Yagi" 
antenna scheme of John Beech, 
G8SEQ. It appears that John has de¬ 
veloped a new technique that im¬ 
proves the pattern of the convention¬ 
al Yagi antenna, particularly in regard 
to the front-to-back ratio of this pop¬ 
ular antenna (fig. 1). It's not difficult 
to achieve good gain with a Yagi; the 
antenna is most forgiving when it 
comes to adjustment and layout. The 
adjustment of front-to-back ratio, on 
the other hand, is both sensitive and 
crucial, and will vary greatly from one 
installation to the next. G8SEQ has 
achieved very high front-to-back 
ratios by the addition of a new ele- 



© 


fig. 1. Ml Representation of field plot 
of a conventional Yagi showing side 
and rear lobes, and (SI Plot of "absorb¬ 
ing Yagi” showing reduction of un¬ 
wanted lobes. The deep null to the rear 
of the array can be maximized by "fine 
tuning" the absorber element. 


ment to the Yagi, which he calls an 
absorber element. He reports ratios 
as high as 75 dB for a 13-element 
VHF array! 

As the name suggests, the absorb¬ 
er element absorbs energy that would 


otherwise be radiated to the rear of 
the array. In its simplest form it is an 
extra dipole element, resonant at the 
operating frequency of the Yagi, with 
a resistor placed at its center. The re¬ 
sistance is approximately equal to the 
center impedance of the driven ele¬ 
ment (fig. 2). 

The absorber adjustments consist 
of varying the spacing to the reflector 
and adjusting the value of the center 
resistor until optimum front-to-back 
ratio is observed. If the Yagi has a 
reasonable front-to-back ratio to be¬ 
gin with, an absorber resistor power 
rating of 25 watts will suffice even at 
full legal power. 

According to Hawker, "G8SEQ 
suggests that one can regard the Yagi 
array as a directional bandpass filter, 
and that the absorber is the element 
that has been missing for years. With 
the same thinking now sometimes 
being applied to absorptive lowpass 
TVI filters, the unwanted RF is safely 
dissipated in a dummy load rather 
than attempting merely to 'short cir¬ 
cuit' it with a reflector."’ 

While no specific dimensions are 
given, G8SEQ suggests that the ab¬ 
sorber element be self-resonant at the 
operating frequency and placed 
about 0.23 wavelength behind the re- 
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fig. 2. The G8SEQ absorbing Yagi for 144 MHz. The 12-element beam has conventional 
dimensions plus the addition of an absorber element 17 inches behind the normal re¬ 
flector. Absorber has same dimensions as driven element. Elements are made of 3/8- 
inch diameter tubing. 




fig. 3. Ml Representation of current distribution o 
optimum-shaped dipole. (C) Current distribution in 
to increase in forward direction. 


flector and that the center resistor be 
about 10 ohms, noninductive, I 
would guess that less spacing could 
be used, provided absorber length 
and resistance were varied. 

I think this is a good idea and I 
would be pleased to hear from any 
experimenters who try this novel 
technique. In today's world of heavy 
interference, antenna front-to-back 
ratio may be of more importance than 
antenna gain. 

optimum-shaped 
antenna element 

For some time I have heard about a 
new antenna element design that 


provided increased gain and improv¬ 
ed operating characteristics. Again, 
Pat Hawker tracked it down and de¬ 
scribed it in his November column. 
The antenna, discussed at an Interna¬ 
tional Conference on Antennas and 
Propagation in London in 1979, was 
developed by F. M. Landstorfer at the 
Technical University in Munich. Fur¬ 
ther work was done on the antenna 
by Cheng and Liang of Syracuse Uni¬ 
versity in 1982. 

For many years it was assumed 
that the "building block" of a beam 
antenna was a straight dipole element 
about a half-wavelength long. Lands¬ 
torfer investigated the use of 3/2- 


wavelength element, curved in a spe¬ 
cific manner, to provide forward gain 
and directivity (fig. 3). Landstorfer's 
element has a forward gain of about 
5dBi. 

The main disadvantage of this idea 
is simply the larger size of the basic 
element. Even so, this is compen¬ 
sated for by the fact that far fewer 
elements are needed to obtain equi¬ 
valent gain. 

A three-element Yagi using this 
technique (fig. 4) was tested. The 
gain was measured at 11.5 dBi (about 
9.4 dB over a dipole), with a front-to- 
back ratio of 26 dB. Sidelobe attenua¬ 
tion was better than 20 d B. 

G3VA points out that the optimized 
shape of the elements is related to 
element diameter, and until more 
specific information is available, the 
cut-and-try technique is recommend¬ 
ed for those wishing to experiment 
with this novel antenna. 

the terminated, 
traveling-wave antenna 

A final note before we leave Pat 
Hawker, G3VA. Pat wrote about an 
interesting antenna development 
originally described in the IEEE Trans¬ 
actions on Antenna and Propaga¬ 
tion, 2 by Matsuzuka and Nagasawa 
of Nihon University (home of the 
famous Dr. Yagi of Yagi antenna 
fame), Tokusuda, Japan. Matsuzuka 
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and Nagasawa described a rectangu¬ 
lar loop antenna, fed at the center of 
one side and terminated with a resis¬ 
tor placed in the opposite side (fig. 
5). The loop provides a unidirectional 
pattern with the approximate dimen¬ 
sions shown. A very high (unspeci¬ 
fied) front-to-back ratio is achieved 
over a significant bandwidth. Dimen¬ 
sions and resistor value are relatively 
non-critical. 



fig. 5. The terminated, traveling wave 
loop antenna provides good directivity, 
front-to-back ratio and bandwidth. 
Value of terminating resistor is not crit¬ 
ical. RF energy reaching far end of an¬ 
tenna is dissipated in the resistor rather 
than being reflected back to the feed- 
point. Wattage rating of resistor is 
equal to about one-half the power out¬ 
put of the transmitter. 


VCR RFI: more problems 
for hams 

I’ve heard that some Amateurs are 
experiencing RFI problems with their 
transmissions interfering with video 
cassette recorders (VCRs). I have a 
VCR myself, and have had no prob¬ 
lems with it, perhaps because I'm not 
on the air when I'm watching it. How¬ 
ever, I would appreciate hearing from 
any readers who have had VCR RFI 
and solved the problem (if they did). I 
have also heard that video disc re¬ 
corders are RFI-prone, especially to 
signal in the region of the forthcom¬ 
ing 800 MHz Amateur band and the 
forthcoming mobile communication 
band. 

As solid-state electronics invades 
our lives more and more, the RFI pro¬ 
blem will become more severe. 


Unfortunately, even though Public 
Law 97-256 requires manufacturers to 
produce RFI free equipment, the FCC 
favors voluntary standards, rather 
than imposed standards. This leaves 
the door wide open to abuse and cir¬ 
cumvention of the law, leaving the 
Radio Amateur to take the blame for 
RFI caused by poorly designed pro¬ 
ducts. 

the 4-1000A linear amplifier 

There's a considerable amount of 
interest in using the 4-1000A tetrode 
as a cathode-driven, linear amplifier, 
and it is a popular tube for "home 
brew" equipment. In grounded grid 
service, the tube will operate well at 
plate potentials between 3 and 5 kV 
and can easily provide up to the legal 
1.5 kW PEP output limit. Typical 
operation of this tube at 3 kV is as 
follows: 


DC plate voltage 
aero signal plate current 
single-tone plate current 

single-tone driving power 
load impedance 
driving impedance 

useful output power 
3rd order distortion 
5th order distortion 


3 kV 
55 mA 
700 mA 
275 mA 
120 watts 
2350 ohms 
104 ohms 
2100 watts IPEPI 
1320 watts (PEPI 

- 34dB 

- 36 dB 


Note: Single-tone grid current is sum ol grid one and 
delivered to the load. Plate power output is 1500 


For full information on the 4-1000A 


and other glass tubes suited for 
grounded grid service, write to me at 
EIMAC, 301 Industrial Way, San 
Carlos, California 94070. (Enclose 
two first-class stamps or two IRCs for 
postage.) 

Circuit design and additional in¬ 
formation on linear amplifiers may be 
found in the 22nd edition of The Ra¬ 
dio Handbook, published by Howard 
W. Sams and available from Ham 
Radio's Bookstore, Greenville, New 
Hampshire 03048. 
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EMI/RFI test receivers 


Specialized receivers 
demand tighter 
design requirements 

This article was prepared from a paper originally delivered al Eloclro 
82, an elecironic show and conveniion held in Boston on May 
25-27. 1982. Editor 


Many electrical devices — from computers to hair 
dryers — generate electrical noise. This noise is 
either conducted along power cables to other electri¬ 
cal devices, or radiated through the unit's enclosure, 
keyboard, or screen to the world outside, thereby 
producing interference that affects still other electri¬ 
cal instruments. 

A receiver able to detect and measure this interfer¬ 
ence and,relate it to precise (accepted) international 
standards must necessarily be based upon a different 



fig. 1. Manually operated EMI/RFI test receiver, type ESH. 
Frequency range. 10 kHz to 30 MHz. 


design than that of a communications receiver. The 
latter type normally covers the 10 kHz to 1000 MHz 
frequency range and is primarily designed to receive 
and decode selected transmissions. Conversely, an 
EMI receiver must include the following design 
features: 

A greater instantaneous dynamic range than that of a 
communications receiver, since the energy of incom¬ 
ing pulses can be higher than several intelligence¬ 
bearing signals or constant carriers 

A circuit that monitors the maximum allowable volt¬ 
age at different stages, to prevent short-term 
overload 

Detector time constants that conform to internation¬ 
ally agreed-upon standards 
Appropriate IF bandwidths 

Precise amplitude calibration over the operating fre¬ 
quency range (Attainment of this normally requires 
the use of either a spectrum generator or tracking 
generator.) 

If active antennas are used to measure the field in the 
low frequency range, they must have the necessary 
dynamic range and proper antenna correction factor. 

The different requirements of test receivers and 
normal communications receivers will be discussed 
in this article, with special attention paid to the rela¬ 
tive advantages or disadvantages of manual and 
automatic measuring capability. 

dynamic requirements 

Before specific EMI/RFI receivers — such as the 
Rohde & Schwartz ESH2 manually-operated 

By Dr. Ulrich L. Rohde, DJ2LR, President, 
Communications Consulting Corp., 52 Hillcrest 
Drive, Upper Saddle River, New Jersey 07458 
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fig. 2. Microprocessor-controlled EMI/RFI test receiver, 
type ESH3. features built-in intelligence. Frequency range. 
10 kHz to 30 MHz. 



EMI/RFI 10 kHz to 30 MHz receiver (fig. 1) or the 
ESH3 computer-controllable EMI/RFI test receiver 
with built-in intelligence (fig. 2) — were introduced, 
spectrum apalyzers were generally used to detect 
and characterize emitted noise spectrums. There has 
been some controversy as to whether spectrum ana¬ 
lyzers that employ special "quasi-peak" detectors 
(CISPR/ANSI) can provide the necessary informa¬ 
tion. This is an important issue and should be 
clarified.' 

The spectrum analyzer, while quite capable of 
rapidly providing data on CW and various sinusoidal 
signals, is not as suited to measure pulse spectrum 
parameters with the same facility. To understand 
why, a discussion on spectrum and bandwidth re¬ 
quirements is called for. 

Electrical pulses of short duration possess consid¬ 
erable energy over a wide frequency range. When 
this signal is introduced into a bandpass filter, the 
output peak voltage (of the pulse) is proportional to 
the pulse bandwidth (which is approximately the 6 
dB bandwidth of the filter). 


Epcak a BW (6 dB) 

If a signal having a pulse spectrum is introduced 
into two cascaded bandpass filters with different 
bandwidths, BW1 and BW2 (with BW1 > BW2), 
the ratio of the output peak voltage is equal to the 
ratio of the filter bandwidths or: 


c-lpeak 

E 2peak 


BW1 
1 BW2 0 


AE(dB) = 20 log dB 


(2a) 

(2b) 


significance of 
different bandwidths 

Here, the question of RF preselection (input RF 
bandwidth) comes into play. If no preselection exists 
(as in the case with a spectrum analyzer), the meas¬ 
ured output levels (analyzer and receiver) are differ¬ 
ent. Assume you are testing in the 30-1000 MHz 
range. Typical input filter bandwidths are 

measuring receiver BW1 = 30MHz 

spectrum analyzer BWl - 1800 MHz 

Consequently, the voltage El presented to the first 
mixer of the device is 48 dB and 83.5 dB higher, re¬ 
spectively, than the output (indicated) voltage E2. 
Therefore, the narrower RF filter of the measuring re¬ 
ceiver lowers the required mixer dynamic range by 
35.5 dB (83.5 - 48 = 35.5). 

Let us apply these facts to the measuring receiver 
and spectrum analyzer. We have assumed that each 
device uses the same mixer (with equal maximum in¬ 
put voltages), and the receiver has an approximately 
10 dB lower noise figure. (This is typical, though the 
difference may even be greater, as in fig. 3.) 
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Therefore, one can see that when making "peak" 
measurements with a spectrum analyzer the usable 
dynamic range is so limited that the measurement 
must be monitored carefully to assure the linear oper¬ 
ation of the mixer. This can be accomplished by 
switching in a small amount of attenuation and com¬ 
paring this value to the drop in measured output. 
However, this is time-consuming, and definitely not 
in line with the requirements for rapid automated 
testing. 




problem with 
quasi-peak detectors 

The most serious flaw in the application of spec¬ 
trum analyzers is in the use of a "quasi-peak" detec¬ 
tor. A "quasi-peak" detector is simply a weighting 
network that gives a weighted indication based on 
the PRF (pulse repetition frequency) of the incoming 
pulse spectrum. (The curves for this weighting are 
shown in figs. 4, 5, and 6). The variation in weight¬ 
ing in the VHF/UHF range is 39.5 dB. It is impossible 
for a measuring device with a usable dynamic range 
of only 7.5 dB to give a correctly weighted output 
over a 39.5 dB range. (Remember, the weighting cir¬ 
cuitry is at the IF, after the "damage" is done.) 

The final conclusion is that, based on the simple 
physics of the measurement, it is difficult to measure 
pulse spectra peaks with a spectrum analyzer, and 
the use of "quasi-peak" circuitry at the IF of an ana¬ 
lyzer is impossible without appropriate RF preselec¬ 
tion. (Fig. 7 shows overall selectivity as a function of 
frequency range required for the EMI/RFI test receiv¬ 
er to meet specifications.) 

high-dynamic range required 

Fig. 8 shows the block diagram of a modern RFI 
test receiver. It consists of an RF attenuator, a built- 
in calibrator, a tracking input filter, a mixer, IF 
stages, and the detector for demodulation, as well as 
the required weighting filter and rectifiers. 

It becomes immediately apparent that the major 
difference between this block diagram and the block 
diagram of a typical communication receiver is the 
RF attenuator, the calibrator, and the lack of pream¬ 
plification ahead of the mixer. 

Assume that a high level double-balanced mixer is 
used, and that both the RF attenuator and the band¬ 
pass filter do not introduce any intermodulation dis¬ 
tortion. In this case, the large signal performance of 
the receiver is determined by the mixer and the stage 
immediately following the mixer, most likely a termi¬ 
nation amplifier with a crystal filter immediately fol¬ 
lowing it. 

The mixer, typically a passive device, introduces 
5.5 to 6 dB of loss to the next stage (an amplifier). 
Most likely, these two stages determine the overall 
intermodulation distortion performance of the receiv¬ 
er. The high level double balanced mixer and the 
post-amplifier probably have a +30 dBm intercept 
point. 

The presence of the input filter not only reduces 
the number of signals but also improves the second 
order intermodulation distortion substantially, rela¬ 
tive to a wide-open front end. 
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prevention of overload 

The receiver can saturate if the combined signal 
level present at the output of the input tracking and 
IF crystal filters is excessive. While it may not be pos¬ 
sible to prevent such an overload condition initially, it 
is important to detect the condition. The input RF at¬ 
tenuator can then be used to reduce the overload. 

The automatic and computer controllable EMI/RFI 
receiver ESH3 automatically switches in the required 



attenuation to make sure that this overload condition 
does not occur while providing a 60 dB dynamic 
range at the IF. 

The microprocessor-controlled receiver has its 
own intelligence and combines the proper RF and IF 
attenuation for optimum dynamic range. It is theoret¬ 
ically possible to increase the IF attenuation rather 
than the RF attenuation. As in the manually operated 
receiver, the two functions are not tied together, and 
the inexperienced operator may not be aware that 
the intermodulation distortion products can only be 
reduced by using the RF attenuator. 

In order to monitor the actual overload, special de¬ 
tectors are placed after the mixers, because modern 
receivers use a first IF approximately twice the maxi¬ 
mum receiving frequency, the first IF of the test re¬ 
ceivers can be expected to be in the vicinity of 70 to 
80 MHz. The second IF is then substantially lower 
(between 9 and 11 MHz), depending upon the receiv¬ 
er, and sometimes even a third IF (30 kHz) for the 
very narrow bandwidth requirements is used. This 
design requires two monitoring stages after the mix¬ 
ers to make sure no overload occurs. 

time constants 

EMI receivers are also distinguished by specific 
values of detector attack and decay time constants, 
with typical values being 1 and 160 milliseconds, re¬ 
spectively, in the 0.15-30 MHz frequency range, A 
good communications receiver uses totally different 
time constants. In the SSB/CW mode, the attack 
time would probably vary between 3 and 15 mS, de¬ 
pending upon the manufacturer, and the discharge 
time constant would be in the vicinity of 200 mS to 
10 seconds selectable. The 1 mS attack time for the 
pulse receiver is too fast and will result in a "quasi¬ 
peak" reading, which for the EMI receiver is desirable 
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but would lock up the AGC in a communication re¬ 
ceiver each time an unwanted noise spike occurred. 

Some manufacturers have chosen to make the 
EMI/RFI receivers more universal by adding built-in 
detectors for the communication mode as well. The 
ESH2 and ESH3 have this flexibility. 

IF bandwidth 

Special IF bandwidths are needed in EMI/RFI re¬ 
ceivers; 200 Hz is chosen for the lowest frequency 
range (10 kHz-150 kHz) 9 kHz for 0.15-30 MHz and 
120 kHz for 30-1000 MHz. 

At 200 Hz, the bandwidth for the frequency range 
of 10 kHz to 150 kHz almost requires a triple conver¬ 
sion receiver in order to obtain narrow bandwidth 
with a good shape factor. 

At 30 kHz, the 200 Hz bandwidth filter is more like¬ 
ly a mechanical filter than a crystal filter, as the cost 
otherwise would be prohibitive. 

amplitude calibration 

There are two ways to calibrate the receiver. One 
is to use a pulse generator, such as the ones manu¬ 
factured by Schwarzbeck, (models IGM 2913,10 kHz 
to 30 MHz, and IGU 2912, 25 MHz to 1000 MHz) 
which operate over a fairly wide pulse rate. With a 
calibrating pulse of 0.316 microvolts per second and 
a repetition frequency of 100 Hz, the frequency range 
of 150 kHz to 30 MHz can be covered. The particular 
calibration voltage should give a 0 dB reading on the 
meter. 

Sine wave calibration is also possible. This requires 
a second generator which can be provided inside the 
instrument. The sine wave output is a good cross- 
reference for the calibration of the pulse generator. 2 
As the calibration of the instrument depends upon 
these signal sources, it is important that these signal 
sources be built in such a way that aging effects, 
temperature, and voltage variations do not affect 
them. Modem special feedback circuits can solve 
this problem. 

In the case of automated receivers, like Rohde & 
Schwarz ESH3, the built-in microprocessor, together 
with the random access memory, allows the develop¬ 
ment of a scanning program in which the receiver is 
calibrated over the entire frequency range, and the 
actual error is stored in memory. As measurements 
are made, the receiver uses a "look-up" table to add 
the correction factor. This is convenient because the 
operator does not have to worry about the accuracy 
of the receiver. 

A manually operated receiver has to be calibrated 
for each major frequency change, which can be time- 
consuming since the values also have to be written 
down for future use. A word of caution: it should be 
remembered that the frequency synthesizer also is an 



fig. 9. Loop antenna system recommended for EMI/RFI 
testing. 


important factor in receiver performance. The noise 
sideband of the synthesizer and its inherent spurious 
performance have to be good enough to prevent any 
spurious frequencies or sidebands from appearing 
and giving erroneous readings. Therefore, the refer¬ 
ence suppression and all mixing products have to be 
suppressed sufficiently. 

antennas 

The use of tuned antennas is rare at lower frequen¬ 
cies (between 10 kHz and 150 kHz). In this frequency 
range it is better to use loop antennas or active an¬ 
tennas. Again, it is important to make sure that the 
dynamic range of the active antennas are sufficient. 
While the test site has to be properly designed and 
reflections have to be avoided it should be mentioned 
here that if an active antenna is used, its dynamic 
range must be sufficient. 

For frequencies above 20 or 30 MHz, reference di¬ 
poles or logarithmic periodic antennas may be used, 
depending upon the particular frequency. It would be 
best to look up the particular recommendations and 
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requirements by CISPR and VDE/FTZ. (To measure 
conducted interference, current probes and absorb¬ 
ing clamps can be connected to the receiver, but this 
will not be discussed here, since this article is limited 
to discussion of the receiver itself.) 

Fig. 9 shows a loop antenna; fig. 10 shows an ac¬ 
tive rod antenna; fig. 11 shows a log-periodic anten¬ 
na for VHF/UHF. 

conclusion 

The EMI/RFI receiver is a more sophisticated and, 
therefore, more expensive receiver than standard 
communication receivers. While it is possible to in¬ 
corporate features to make the reception of commu¬ 
nication transmission possible, which is useful for 
signal identification, then overall accuracy, special 
pulse response behavior, and the necessary preselec¬ 
tor make the receiver more complicated and, thus 
more expensive. EMI/RFI receivers should be offered 
in both manual and automated versions to fit varying 
budgets. However, if large quantities of data must be 
handled, the automated version is the more logical 
choice. 
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weekender- 


a simple 
shortwave 
broadcast receiver 


Most Amateur transceivers just cover the ham 
bands. Because I wanted something with which I 
could listen to international shortwave newscasts, I 
constructed this simple shortwave broadcast receiver 
that tunes the 6 and 9 MHz SW bands and is inex¬ 
pensive to build. Building it takes a little skill and 
you'll need a few test instruments to get it going, but 
I'm sure you'll enjoy listening to something you've 
built completely on your own. 

To keep construction simple and costs down, I 
based the circuit on the J.W. Miller 8901-B and 
8902-B IF amplifier and detector (mechanical assem¬ 
blies are illustrated in figs. 1A and IB). This unit 
contains three stages of IF amplification and a diode 
detector inside the capsule. The output is more than 
enough to drive a 2N2222 audio stage, which in turn 
drives an LM380N audio chip at several watts output. 
This in turn drives a 12-inch loudspeaker. 

In order to keep the circuit simple and eliminate 
self-oscillation problems which would require de¬ 
coupling and shielding, no RF stage was used. The 
antenna just goes through a double-tuned circuit 
directly into the 40673 mixer. The large capacity 
365-365 gang-tuning condenser eliminates the need 
for bandswitching for the input stage since it tunes 
the entire 6 to 9 MHz band. The only drawback is 
that it has very sharp tuning, and care must be used 
to make sure the input tuning is on the station you 
are listening to. With this broad tuning range, it is 
possible to tune on an image station 455 kHz away. If 
the panel is marked, there should be no trouble mak¬ 
ing the tuned circuits track and tune to the same fre¬ 
quency, once the two input slugs are adjusted as 
described in the following section. 

All of the coils in the receiver are wound on Na- 

By Ed Marriner, W6XM, 528 Colima Street, 
La Jolla, California 92037 



tional XR-50 coil forms; the number of turns indi¬ 
cated is only approximate, since lead length to the 
bandswitch can vary. I used a two-position tone con¬ 
trol switch for bandchanging. 

The receiver was built on a California chassis (No. 
122) that measures 4.5 x 8.5 inches (11.43 x 21.59 
cm). Using etched boards, everything fits on the top 
of the chassis, making it easier to work on. Spacers 
are needed to keep the printed circuit board high 
enough to prevent the RG-174/U from being punc¬ 
tured by wires projecting from below. 

The variable oscillator could probably be made 
without the emitter follower. However, experience 
suggests that the isolation between stages is neces¬ 
sary to prevent oscillator pulling. Finally, the oscilla¬ 
tor is mechanically tuned using a Jackson Ball 5:1 
drive. A schematic of the completed receiver is pro¬ 
vided in fig. 2. 

construction and alignment 

The power supply was built first, followed by the 
audio section. Once I knew the audio section was 
working I added the IF and mixer stage. The anten¬ 
na-tuned circuit was last and perhaps the most diffi¬ 
cult to adjust. Here a grid dip oscillator is a must. I 
unsoldered the 7 pF coupling capacitor and tuned 
each coil separately on 6 MHz for best tracking. The 
15 pF trimmer was primarily used to reduce any "mis- 
tracking" when different antennas were attached. 
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Two great 
ways to get 
Q5 copy 


Ask: 



G4HUW KB5DN WA4FNP WD5DMP 
KJ2E K61MV WD4BKY WD8QHD 
K4XG K8MKH WD4CCI WB9NOV 
KA4CFF KB0TM WD4CCZ WD9DYR 
KA5DXY W4YPL W5GAI 
444D SSB/FM 
Base-Station Microphone 
Shure's most widely used base- 
-station microphone is a ham 
favorite because it really helps 
you get through... with switch- 
selectable dual impedance low 
and high for compatibility with 
any rig! VOX/NORMAL switch 
and continuous-on 
capability make 
the 444D easy 
to use even 
under tough 
conditions. If 
you're after 
more Q5’s, you 
should check 



526T Series II 
SUPER PUNCH" 
Microphone 

Truly a microphone 
and a half! Variable out- 
that lets you adjust the 
;l to match the system. 
The perfect match for 
virtually any transceiver 
made, regardless of 
impedance. Turns 
mobile-NBFM unit into 
an indoor base station! 
Super for SSB 
operation, too. These 
and many other 
features make the 
526T Series II a 
must-try unit. 


SHUitE 

THE SOUND OF THE PROFESSIONALS .. WORLDWIDE ) 
Shure Brothers Inc., 222 Hartrey Ave.. Evanston. IL 60204 


weekender 



If you have a signal generator modulated by an 
audio tone it helps to align the 455 kHz IF and ap¬ 
proximately calibrate the main frequency dials. If 
your signal generator is not accurate, then the dial 
should be checked against another receiver and re¬ 
calibrated if necessary. (A frequency scale template 
is provided in fig. 3.) 

Since only the 6 and 9 MHz bands are used, ad¬ 
justing the receiver should not be much of a problem. 
For daytime listening, a coil could be wound for the 
11 MHz band. 

operation 

This receiver is appropriate for language practice 
and for listening to the news, which most shortwave 
stations give on the hour. Several religious stations 
also come in strong: two are WYFR "the Family 
Radio station/' and HCJB in Quito, Ecuador. In the 
early morning the Japanese stations are particularly 
strong. I have listed some of the stations active on 
the two bands and actually heard all those listed in 
table 1. 


where to get parts 

Be sure to include an SASE when writing for cata¬ 
logs or information. Transistors and other parts may 
be obtained from: 


Circuit Specialists 
Box 3047 

Scottsdale, AZ 85257 
BCD Radio Parts Co. 

P.O. Box 06017 

Fort Myers. FL 33906-6017 

Radio Shack 


475096th St. N. 

St. Petersburg, FL 33708 
J.W. Miller/Bell Industries 
19070 Reyes Avenue 
P.O. Sox 5825 
Compton, CA 90224 


A useful reference for sources of electronic parts is 
Radio Electronics Buyers Guide ($6.95 postpaid), 
available from Ham Radio's Bookstore, Greenville, 
New Hampshire 03048. 

ham radio 
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DX 


FORECASTER 

Garth stonehocker, K0RYW 


The proximity of November to the 
winter solstice, a time when the geo¬ 
magnetic field is quiet, normally 
means undisturbed conditions. But 
because this year is one of several in 
the sunspot decline, many distur¬ 
bances can be expected this month. 
Therefore, we can expect unusual 
propagation conditions to occur, with 
the emphasis on the following days: 
November 7th through 12th, 17th 
through 20th, and on the 25th and 
30th. 

vhf-ers take note 

Many days of meteor showers will 
occur between October 26th and No¬ 
vember 22nd, with a shower maxi¬ 
mum from the 3rd through the 10th at 
a rate of ten per hour. This shower is 
known as the Taurids. Lunar perigee 
is on the 1st and 26th, and the full 
moon on the 20th. 

winter season DX 

November through February con¬ 
stitutes the winter DX season. Be¬ 
cause the D and E regions of the ion¬ 
osphere receive less energy from the 
sun in the northern hemisphere dur¬ 
ing this time, less ionization occurs. 
Therefore the daytime attenuation of 
radio signals in winter is lower than 
during the rest of the year. At the 
same time, ion production each day is 
better able to drift and diffuse up into 
the F region of the ionosphere. The 
result is an increased range of oper¬ 
ating frequencies between the lowest 
and the maximum usable frequencies 
(LUF-MUF). The maximum usable 
frequency rises rapidly as the sun 
rises each day, peaking just after 
noontime. The frequency diminishes 


in the late afternoon, evening, and 
through the night to a low value just 
before dawn the next day. The ex¬ 
ception to this situation is for loca¬ 
tions nearer to the equator, where the 
F region ionization continues to drift 
and diffuse up during the afternoon 
and evening to become the trans- 
equatorial maximums described in 
last month's column. The maximum 
usable frequency peak reached each 
day and the depth of the predawn 
minimum frequency of the next 
morning are related to the solar flux 
each day. The higher the flux during 
the day, the higher the frequency and 
the lower the dip the next morning. 

Wintertime DX provides openings 
with these characteristics: 

• Better daytime signal strengths on 
the lower frequencies 

• Nighttime DX openings earlier each 
day in the evenings 

• More frequent transequatorial 
paths toward the south 

• Higher signal strengths on all 
bands most of the time. 

band-by-band summary 

Ten and fifteen meters will be open 
for F2 long skip and transequatorial 
one-long-hop propagation. World¬ 
wide DX is prevalent from after sun¬ 
rise until well after sunset most days, 
especially during periods of high solar 
flux conditions and moderate geo¬ 
magnetic field disturbances. 

Twenty meters will be open most 
days and nearly throughout the night 
to some areas of the world. This 
mode follows the sun across the sky: 


east, south, then west with long skip 
of 1000-2500 miles. 

Thirty meters is a day and night band. 
The day portion should be similar to 
20 meters; signal strengths, however, 
may decrease during midday on some 
days of higher solar flux values. This 
band will also be usable well into the 
night and often through the night. 
Problem nights will probably follow 
high solar flux days and be related to 
the deep dip of MUF an hour or so 
before dawn. The distances covered 
on this band might exceed 80-meter 
nighttime paths while being less than 
20-meter daytime paths. 

Forty meters, like 30 meters, is a tran¬ 
sition band with all-night propagation 
as well as some short-skip conditions 
during the daytime. Most areas of the 
world can be worked from darkness 
until just after sunrise. Hops shorten 
to about 2000 miles on this band, but 
the number of hops can increase 
since the signal attenuation is low at 
night. 

Eighty meters, traditionally the rag- 
chewing band, is also good for dis¬ 
tant operation. The band operates 
much like 40 meters, except in that 
the hop distances shorten to around 
1500 miles at night and even less dur¬ 
ing the daytime. Because the noise is 
so low, this band is a pleasure to 
work during this time of year. The 
path direction follows the darkness 
across the earth — east, south, then 
west. Lots of QRM can be expected, 
however. (Remember, the DX win¬ 
dow is 3790-3800 kHz.) 

One-sixty meters will be similar to 80 
meters, with skip hops reduced to 
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RADIO WAREHOUSE 


NO FRILLS — JUST LOW PRICES 
• KENWOOD 

TS 430 TR 2500 TW 4000 

HF $Call 2m 285.00 CJHF/VHF $Call 

• YAESU \jj/ • O l CQMl 

FT 980 V 2AT IC-751 

HF $Call 2M $219 HF $Call 

We also carry computer hardware/software 


EPSON RX-80 $395.00 GEMINI-15 $495.00 

EPSON FX-80 565.00 C.Itoh8510 495.00 

For information on our other lines... 



IN TEXAS CALL 817-496-9000 
P.O.BOX 50155 
FT. WORTH, TEXAS 76105 


about 1000 miles. It will provide good 
DX for late night and early morning 
DXers. Stations in many areas of the 
country can now run higher power. 
(Once again, please keep the DX win¬ 
dows - 1825-1830 kHz and 1850- 
1855 kHz — free of local contacts.) 

last-minute forecast 

During November expect the high¬ 
er frequency bands — 10 through 30 
meters — to be best during the mid¬ 
dle of the month; a solar radio flux 
maximum is expected during that 
time. Maximum flux is also possible 
on the 25th which would mean a 
good, long DX holiday weekend. 
(Monitor radio station WWV for geo¬ 
physical data at 18 minutes after the 
hour on 2.5, 5, 10, 15 or 20 MHz to 
update this forecast.) The lower fre¬ 
quency bands are expected to be 
good throughout the month, but 
somewhat better during the predawn 
hours at the beginning and end of the 
month. 

ham radio 
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Organize year aback wltb a 

CLUTTERFREE MODULAR 
CONSOLES 

Prices start at $169.92 

• 9 Models to choose from 

•Large , 42" H X 57" W X 30" D 

• Strong groove - construction 
•Mar-resistant wood grain finish 
•Options, drawers & face plate 

• For ham or home computer 
•Visa and Master Charge 

CLUTTERFREE 

MODULAR 

CONSOLES 

P.O. Box 5103 Tacoma, WA. 9640 5 
(206) 272 0713 ^ 


short circuits 

building blocks 

In KBOCY's article, "Audio Filter 
Building Blocks", (July, 1983), fig. 2 
(page 76) should show all + 12V con¬ 
nections going to pin 7 of the four 
LF356's. One LF356 (upper center) 
shows pin 1 as the + 12V connection; 
this is incorrect. 

briefcase bobtail 

In the directions for a "Briefcase 
Bobtail" given by Paul M. Rich (Com¬ 
ments, July, 1983, page 12), the 
twelve turns of No. 14 wire should be 
spaced 1/4 inch apart, not one inch 
apart. The call sign HH2KR was in¬ 
correctly given as HH2DR. 

Bobtail curtain 

In part one of the Bobtail curtain 
series by W6BCX (February, 1983, 
page 82), an article on the Bobtail is 
referred to in the April, 1948, issue of 
CQ. The correct date of publication is 
March, 1948. 




technical forum —- 

Have a technical question? Ask your fellow Amateurs through Technical Forum. You'll reach knowledgeable readers ready to help you find the answer 
you're looking for. Have an answer? Send it in. Every month we'll award a specially selected book from Ham Radio's Bookstore to the writer of the best 
response to a question previously posed in this column. Address your questions and answers (typewritten, if possible) to Technical Forum, ham radio 
magazine, Greenville, New Hampshire 03048. 


bunny hunt 

In the May, 1983, Technical 
Forum, N3BEK raised the problem of 
RFI on 160 meters from a local broad¬ 
cast station. 

May I suggest he try using the sta¬ 
tion's field intensity meter to go on a 
low-frequency "bunny hunt." It is 
not unusual for the down guys on 
utility poles to unintentionally provide 
60 Hz rectification at corroded joints 
and create fluorescent light-type 
noise in high-frequency receivers. 
Utility wires, down guys, grounds 
from pole-mounted transformers, 
and the like can all have partially cor¬ 
roded splices and connections that 
are good at power line voltages but 
act as semi-conductors when ex¬ 
posed to the 1-10 volts of RF (field in¬ 
tensity in V/M). This type of re-radia¬ 
tion is common in many AM antenna 
systems, and has to be tuned out at 
the source of re-radiation; that partic¬ 
ular parasitic element has to be made 
non-resonant at the carrier frequency 
in order to make the antenna system 
of the station produce the desired ra¬ 
diation pattern. 

It is entirely possible that a down- 
guy, power drop messenger cable, or 
the ham antenna might have a dis¬ 
continuity that would produce the 
"mystery station on 160 meters." The 
temperature/frequency relationship 
mentioned in the column would indi¬ 
cate a change in the resonant fre¬ 
quency as the element gets warm; it 
gets longer due to expansion, and the 
self-resonance lowers. The fact that 
the station uses asymmetrical modu¬ 
lation has no bearing on the situation 
other than developing 3 dB additional 
sideband power on modulation tips. 
Assuming mixing is taking place by 
the diode-type action mentioned 
above, at a non-linear portion of that 
diode, and the self-resonance of the 


antenna producing the carrier end 
higher sideband energy, this would 
account for the unintelligible audio 
mentioned in the letter. The cure can 
be as simple as cleaning the connec¬ 
tion or adding a resonant circuit to 
detune it from the 160 meter band or 
1500 kHz station. Judging by the re¬ 
port of the station's engineering peo¬ 
ple and the intensity at N3BEK's 
QTH, my guess is that it's close to the 
shack. But, since you have to find the 
source to cure it, that's where the 
field intensity meter is helpful. It 
should be able to detect signals to 
fractions of a microvolt. Hope this 
helps. Good luck. - Ed Karl, K0KL 


mysterious spur solved 

In response to my letter to Techni¬ 
cal Forum (May, 1983), I received a 
telephone call from Robert Schantz, 
a Los Angeles broadcast radio con¬ 
sultant. After determining that the 
local 50 kW transmitter was manufac¬ 
tured by Continental, he said he was 
familiar with the design of that partic¬ 
ular asymmetrically-modulated trans¬ 
mitter. He has experienced the gener¬ 
ation of spurs from transmitters of 
that design — in one case, 250 kHz in 
the broadcast band. He said the Con¬ 
tinental transmitter includes a com¬ 
plex feedback circuit in the modulator 
that is critical to adjustment. When 
the adjustment allows the generation 
of a spur, the frequency of that spur 
depends on the characteristics of the 
antenna system. 

It is his conjecture that small 
changes in antenna characteristics, 
along with changes in temperature, 
are causing the frequency of the spur 
to shift. 

My money is on Mr. Schantz's so¬ 
lution. — JackGeist, N3BEK 


too many turns 

Like WB2NTQ (June, 1983), I have 
also tried to create high impedance 
(above 100 ohms) transformers with 
powdered iron toroids and failed. 
Here is why. 

The problem in WB2NTQ's trans¬ 
former is in his secondary winding, 
which at 29 MHz, is operating above 
its natural resonant frequency. The 
usable bandwidth for a transformer 
on the high end is determined by the 
self resonance of the windings. This 
resonance occurs when a winding is 
effectively 1 /4-wavelength long. Due 
to the dielectric constants of wire in¬ 
sulation and core material, and the 
capacity between adjacent turns the 
total wire length in a resonant win¬ 
ding can be significantly less than 
1/4 wavelength in air. 

The low frequency limit of a trans¬ 
former is determined by the inductive 
reactance of the transformer winding 
becoming lower than five or so times 
the source or load impedance. Small 
cores of high permeability material 
produce transformers with the great¬ 
est bandwidth. 

The largest core I can find data on 
is a T200 size. Each turn is 1.85 inches 
on that core and could be longer on 
a larger toroid. Total length on 
WB2NTQ's high impedance winding 
is then about 135 inches (ignoring 
wire size and winding looseness). 
This is a quarter wave at 21.86 MHz, 
neglecting dielectric effects. Thus the 
capacitive reactive term is in parallel 
with the resistive component on the 
input side. 

There are just too many turns on 
the transformer. The low permeability 
of the powdered iron core makes the 
design all the more difficult. I'd first 
cut the secondary length down to 
about 1/8-wavelength at the maxi¬ 
mum desired frequency. That would 
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be about 49 inches and would wind 
twenty-six turns. I would wind these 
as thirteen turns bifilar connected 
series aiding. The center tap would 
be the ground side of the 50 ohm 
connection. This would be a simple 
75 to 300 ohm transformer. To get 50 
ohms I would tap one side of the 
bifilar winding at 10 or 11 turns out 
from the center tap. Ten turns would 
give a turns ratio of 10 to 26 or an im¬ 
pedance ratio of 50 to 338 ohms. Tap¬ 
ping at 11 turns would give a ratio of 
50 to 279 ohms. 

The low frequency end of this trans¬ 
former would be at the frequency 
where the inductance of the 11-turn 
section has an inductive reactance of 
5 x 50 = 250 ohms. On a T200-2 
this winding inductance is about 1.3 
microhenries. To the limit of the 
accuracy with which I can read my 
Shure reactance rule, this happens at 
30 MHz! 

A larger core would give more in¬ 
ductance per turn but at the same 
time would have more wire in a turn. 
High impedance, large size and low 
permeability together prevent this 
core from performing adequately. 
The powdered iron toroid just is not 
appropriate for such a high impe¬ 
dance winding, but might function if 
constructed within these limits for a 
single band. 

A better core for this application 
might be either an F-240 or F-114 in 
Q1 (mix 61) or Q2 (mix 62) ferrite. The 
smaller core in Q1 would require five 
turns on the 50 ohm section and 
twelve turns total on the 300 ohm 
winding for a minimum operating fre¬ 
quency of 14 MHz. I would wind this 
as six bifilar turns connected series 
aiding with the primary tap at five 
turns. The windings should be spread 
uniformly around the whole core. The 
impedance ratio would be 50 to 288 
ohms. On this core a winding would 
have a length of about one inch per 
turn. Twelve secondary turns would 
be about 12 inches long and should 
work well beyond 50 MHz. 

To achieve wide bandwidth it is ne¬ 
cessary to use a high permeability 
core material to extend to low fre¬ 


quency end of the pass band with a 
minimum winding conductor length. 
At the high frequency limit the core is 
practically uncoupled from the wind¬ 
ing and only the core's dielectric con¬ 
stant is significant. The dielectric 
constant for ferrite can be high, so 
isolating the winding from the core 
can help extend the high frequency 
end as long as the winding conductor 
length does not grow too much at the 
same time. Thick wire insulation re¬ 
duces the inductive coupling be¬ 
tween adjacent bifilar turns at the 
high frequency end of the pass band. 
A better winding would be made of 
enameled wires twisted together for 
the bifilar winding and then covered 
with a heavy walled Teflon™ insu¬ 
lating tubing. — Gerald A. Johnson, 
K0CQ 


standing-wave indicator 

I have just bought a standing-wave 
indicator, type B812A, manufactured 
by FXR, Inc., of Woodside, New 
York. The unit is not functioning at 
present and I wonder whether any¬ 
one might have a circuit diagram or 
other information which would help 
me get the unit working. 

After reading the interesting article 
on this type of unit by Bob Stein, 
W6NBI, in the January, 1977, issue 
of ham radio, I feel the device would 
be a very useful addition to my work- 
shop. — Arthur Williams, 
GW8FKB 


SAY 

YOU SAW 
IT IN 

ham radio! 
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improved stability and 
dial calibration for the 
Heath kit HW-8 



The HW-8 transceiver exhibits ap¬ 
proximately 1500 Hz drift in transmit 
and receive frequency when the sup¬ 
ply voltage varies over a range of 10 
to 13.5 VDC. This results in CW chirp 
when using a poorly regulated sup¬ 
ply, such as a weak, dry battery. Ad¬ 
ditionally, even with a well-regulated 
supply, the VFO dial calibration is in 
error on all but the 7 MHz band. 

Most of the drift and chirp problem 
is caused by the Heterodyne Oscilla¬ 
tor (Q6). The reverse-biased switch¬ 
ing diodes in the tuned circuits of all 
but the selected band exhibit a capac¬ 
itance which varies wilh supply volt¬ 
age. This capacitance, essentially in 
parallel with the selected crystal, 
causes pulling of the oscillator fre¬ 
quency. The solution is to regulate 
the supply voltage to Q6. The small 
amount of shift which still remains 
after Q6 is stabilized is caused by the 
inability of the Zener diode (ZD-1) to 
fully stabilize the voltage for the Vari¬ 
able Frequency Oscillator (Q2). This 
can be corrected by replacing the 
Zener-diode regulator circuit with a 
Motorola MC7808CP three-terminal 
regulator integrated circuit. 


The VFO dial calibration problem is 
a matter of fine tuning the VFO and 
HFO in accordance with the proce¬ 
dure described here. The Heathkil 
procedure does not calibrate the fre¬ 
quency of the HFO; it also does nol 
switch in the offset capacitor (C55) 
during VFO calibration so that the dial 
will read transmit frequency. 

modification procedure 

Remove the following resistors: 
R78, R81, R82, R84, R85, R87, R88, 
and R91 (see fig. 1). 


Install 7.5-volt, 1-watt (SK-3059) or 
equivalent, Zener diodes (anode lead 
to ground) in the positions formerly 
occupied by R81, R84, R87, and R91 
(100k resistors). 

Install 470 ohm, 1/4-watt resistors 
in the positions formerly occupied by 
R78, R82, R85and R88 (Ik resistors). 

Install a 0.01 /xF, 25 VDC ceramic 
capacitor on the foil side of the main 
PC board. Solder one lead to the 
junction of R36 and the yellow wire 
which attaches to point B. Solder the 
other lead of the capacitor to a near¬ 
by ground foil. 

Remove ZD-1 and R33 (470 ohm). 
Drill a 1/32 inch hole midway be¬ 
tween the two holes from which R33 
was removed. Install the MC7808CP 
voltage regulator as follows: 

Input B lead to R33 hole which ties 
to 13.4-volt line; insert common C 
lead through the drilled hole and out¬ 
put E lead to R33 hole which ties to 
C52 and R3 (47 ohm). 
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25 WATTS...IN THE 
PALM OF YOUR HAND! 

The Perfect Power 
Booster for your 
Hand Held 

This compact unit 
comes complete with 
dashboard mounting 
brackets, cigarette lighter 
power adapter and man¬ 
ual. The unit weighs only 
oz. and is ready to go! 




MASTER CARD OR VISA 


Sunrl me 





City, State, Zip 




{Ohio residents add 5»/i% sales tax or 5.20/unit) 


iivcl os trIes, ifvc. 

835 E. Highland Road • Macedonia, Ohio 44056 
(216) 467-4256 • TWX 810-427-9217 




Buckmaster Publishing 



FREE CATALOG 
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Solder and clip the excess from the 
B and E leads. Slip a piece of insula¬ 
tion over the C lead and solder the 
lead to a nearby ground foil. Be sure 
that it does not short to other foil 
leads. 

fine alignment procedure 

Make a pick-up loop as shown in 
fig. 2 and place it around L19/21. 
Connect the opposite end to the an¬ 
tenna terminals of a calibrated receiv¬ 
er capable of tuning 12 to 30 MHz.* 
Press the 3.5 MHz bandswitch. 
Tune the calibrated receiver to 
12.395 MHz. 

Adjust L17 (bottom slug) for zero- 
beat. 

Press the 7.0 MHz bandswitch. 
Tune the calibrated receiver to 

15.895 MHz. 

Adjust L18 (top slug) for zero-beat. 
Press the 14.0 MHz bandswitch. 
Tune the calibrated receiver to 

22.895 MHz. 

Adjust LI9 (bottom slug) for zero- 
beat. 

Press the 21.0 MHz bandswitch, 
Tune the calibrated receiver to 

29.895 MHz. 

Adjust L21 (top slug) for zero-beat. 
Temporarily attach a 10-inch piece 
of wire to the end of R29 (22k) which 
connects to point WW. Connect the 
other end of the wire to one of the 
ON/OFF switch terminals. This will 
cause the antenna relay to close and 
the receiver to mute. 

Realign the VFO as described in the 
Heathkit instruction manual, page 62. 

Remove the temporary wire and re¬ 
install the cabinet cover. This com¬ 
pletes the modification and align¬ 
ment. 

Robert W. Lewis, W3HVK 
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REVIEW 

Soar model 5025 
digital multimeter 

A number of different multimeters have 
crossed my desk in recent months and I must 
admll it has been fascinating to see and use the 
latest state-of-the-art equipment. The newest 
unit on my desk for review, however, Is quite 
different from the others. 

The Soar Model 5025 is not just a nuts-and- 
bolts measuring device. It incorporates a 
unique comparator circuit that can be used in a 
number of different ways. 

One of the greatest advantages of the "new 
breed" of multimeters is extensive use of spe¬ 
cially designed chips. The Soar 5025 has a 
unique 80 pin LSI chip that keeps overall parts 
count down while ensuring long term stability 
and accuracy. Only by examining the sche¬ 
matic can one fully appreciate how LSI has 
changed the complexion of equipment design 
and utilization. 

general specifications 

The 5025 has an easy-to-read, low current 
consumption, LCD readout with a maximum 
reading of 1999. The readout also has annunci¬ 
ators to audibly alert for function, unit polarity, 
decimal, low battery, continuity and diode test. 
The unit is mounted in a rugged ABS plastic 


I had occasion to use the Soar 5025 whilf 
troubleshooting a broken radio. I found the 
U-bracket to be invaluable in getting the multi 
meter into a position that was easy to see. 
also found the 1/2 inch LCD readouts to be t 
nice feature. I also used it outside to make < 
number of continuity checks on a vertical an 
tenna ground system. The LCD readouts art 
easy to read in the sun and the handy beepe 
assured that there was circuit continuity with 
out the need of looking at the unit. 


Cp. Temp 0°C to40°C 
Accuracy guaranteed for 1 yi 
DCV ± .25% 


2000 K + 1 % 

20 M +2% 

DCA 200/i to 200 mA 
10A +1.0% 

ACA 2C0/i - 20 mA ± 1 % 

2C0 mA - 10 A ±1.2% 
For more information contact NA Soar, 1126 
Cornell Avenue. Cherry Hill, New Jersey 
08002. RS0313 
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THE AFFORDABLE REPEATER 


FROM THE MANUFACTURER OF COMMERCIAL & 
MILITARY EQUIPMENT MADE IN USA AT OUR 
MIAMI, FLORIDA PLANT 


,$ 6991 . 


OPTIONS 

• Helical Filter Installed $65.00. 

• 8 Pole Filter Installed $20.00. 

• Cooling Fan Installed $30.00. 
a Duplexer 

a Deluxe Cabinets 
a Timer 
a Tone Panel 


OTHER PRODUCTS 
a Simplex and Full Duplex 
a VHF/UHF Mobiles and Bases 
a Rural Radio Telephone 
a Auto Patch 
a HF SSB Transceiver 
a Catalogues available upon request 
DEALER INQUIRIES INVITED 


FEATURES: 
a Several Frequency Ranges 
30-50 MHZ, 132-172 MHZ, 
200-240 MHZ, 380-480 MHZ. 
a Sensitivity .3 Microvolt 12 DB S/N 
a Power Output 30 Watts, 
a Four Pole IF Filter, 
a Complete separate transmitter 
and Receiver 

a 13.6 VDC or 115/220 UAC 
Power Supply, 
a 19" Rack Mounting. 

PAYMENT TERMS: 

Domestic Orders 50% with order 
50% C.O.D. 

Foreign Orders Letter of Credit 
or Advance Payment. 

Allow 2 to 6 weeks for delivery. 


ITS International Telecommunications Systems Florida Inc. 


ST. / MIAMI. FLORIDA 33166 
593-021 4 / TELEX: 525634 
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products 


features 10 watt output, 32 full function memo¬ 
ries, and built-in sub-audible tone selectable 
from the main tuning dial. 

ICOWI system accessories work with the IC- 
471A. This unit features ICOM's new two-color 
display, showing frequency digits in white and 
control functions in red, for easy visibility 
under all lighting conditions. With the IC-471 A, 
it is possible to scan all frequencies, memories, 

For information, contact ICOM America, 
Inc., 2112-116th Ave., NE, Bellevue, Washing¬ 
ton 98004. RS0311 


RTTY/CW interface 

The ROM-116 is now distributed and sold ex¬ 
clusively by the Flesher Corporation. The 
ROM-116 interfaces the Radio Shack TRS-80' 
models I, III. and IV, and comes with features 
that include two serial ports, fourteen buffers, 
split-screen (formatted or unformatted) verti¬ 
cally displayed status, automatic CW/ID, PTT 

quick break with word mode, word wrapping, 
preload, two independent callsign buffers (one 
for user and one for station called), repeat 
transmission, right hand justification on trans¬ 
mit from the main buffer, time and date with 
automatic update, and adjustable line length. It 
also will support a cbmputer printer for hard 
copy, receive and send RTTY at all standard 
Baudot and ASCII rates up to 1200 baud; it is 
TTL compatible, will receive and transmit CW 
with full break-in mode, CW preload (cassette 
or disk versions), and cassette or disk save 
messages or pictures. Several software pack¬ 
ages, such as a MAILBOX program (1.4MBO 
or 3.4MBO) and LOAD HEX Ifor receiving/ 



sending disk files on RTTY), are also available. 
Two versions are marketed; prices will range 
from $225.00 for the older units to $325.00 for 

For information, contact Flesher Corpora¬ 
tion, at P.O. Box 976, Topeka, Kansas 66601. 
RS#309 

•A trademark of the Tandy Corp. 













power center 

Ultima Electronics announces the immediate 
availability of a new state-of-the-art electronic 
outlet power center designed for fail-safe in¬ 
dustrial, residential, and commercial use. 



Designated "Surgefree; - the new unit fea¬ 
tures all solid-state electronic circuitry. Com¬ 
pact in si 2 e, it can be plugged into any 120 
VAC outlet to instantly sense and suppress de¬ 
structive effects of high-voltage transient 
spikes and surges to sensitive electronic equip¬ 
ment. It is rated at 15 amps (1875 watt), 125 
VAC, with a resettable circuit breaker that pro¬ 
tects against accidental power overloads. 

Model SF-200, with two sockets, sells for 
$69.95; Model SF-600, with six sockets, 
$89.95; Model SF-1000. with ten sockets. 
$99.95. 

For further information, contact Ultima Elec¬ 
tronics Ltd., 59-7 Central Avenue, Farming 
dale, New York. RS03O8 


compact mobile 
transceivers 

Tiio-Kenwood Communications has an¬ 
nounced tho addition of two new ultra-com¬ 
pact models to their line of mobile transceivers. 

The 2-meter version, model TM-201A, incor¬ 
porates microprocessor-controlled operating 
features in a new lightweight slim-line design. 
Features include 25 watts of RF output, dual¬ 
digit VFO's, five memories, priority alert scan, 

ory back-up (estimated 5-year life), high-visibil¬ 
ity yellow LED display, external speaker, and a 
16-key autopatch UP/DOWN microphone. An 
audible "beeper" confirms operation of se¬ 
lected functions. An optional FC-10 frequency 
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Your One Slop Source for RF Power Tubes and Transistors 


CHRISTMAS TUBE SPECIALS 


$ 59 00 8874 


RF TRANSISTORS 


IS lor MRF455 & MRF455A) 


MRF458 


2N6097 (SSM) 40WPNP 
SD1416 (SSM) 70W 

987 (MRF559) 5W 

2 5V Stud 19 35 UHF 

25V Stud 9 50 450-512MHZ 

2 5V Stud 9 95 

2 5V Flange 15 95 2N5946 (SSM) 10W 12 5V Stud 12 95 

2 5V Flange 3100 MHW710-2 (MOTO) 13W 12.5V Module 19 db Gam 59 00 

2 5V I3db 100 CM60-12A (CTC) 60W 12 5V Flange 4295 

MINIMUM ORDER $30.00 Add $3.00 for UPS charges 

CALL TOLL-FREE 800-645-2322 

(N.Y. State 516-536-8868) 



h 

Export And Dealer Inquiries Invited Call for Types Not Listed 

116 S. Long Beach Road Rockville Centre, New York 11570 
TWX 510-225-7508 ^ IBS 


UHF POWER AMP 

AM-6155/GRT (ITT 3212) 225-400 Mhz RF amp. 

, , ... SOW output Irom 4-10W 

input using Eimac 

cavity' in removable 
drawer. Requires 115/ 
230 VAC 4 20 VDC. 
7x1916x18" 75 lbs. 
sh. Used-nol tested, excellent condition: $149.50 
R-392 RECEIVER. 0.5-32 Mhr AM- 
CW in 32 bands; mechanical digital 

calibrator 25 lubes; requires 24 VDC 
5 amps. 1116x1416x11", 50 lbs. sh. 

Used-reparable. $135. Chkd . $200. 

Manual, partial repro: $15. LS-166 
speaker. $10.95. 24 VDC 6 AMP 
Supply, lor R-392 — no connector, useo »xu. 
Prices F.0.8. Uma. 0. • VISA. MASTERCARD Accepted, 
lor Shipping • Send lor New FREE CATALOG '83 
— n — un ‘ Phone: 419/227-6573 


• Covers 100 lo 185 MHz in 1 kHz sleps with thumb¬ 
wheel dial • Accuiacy 1 part per 10 million at all Ire- 
quencies • Internal FM adjustable Irom 0 to too kHz 
al a t kHz rate • Spurs and noise at least 60 d8 be- 
■ RF oulpul adjustable Irom 5-500 it 


50 oh 




/2 Amp . , 


imediate delivery • $349.95 plus shipping 


range, add inlm 
loncs. AM. pre 
•Call lor details 


e resolution, voice and sub-au 
1 Dealers wanted worldwide 


VANGUARD LABS 

196-23 Jamaica Ava., Hollla, NY 11423 
Phona: (212) 468-2720 


November 1983 [ 


















■TUBES, SEMICONDUCTORS, IC’Sl 
I DIODES AT SUPER LOW PRICES f 
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I El MAC, SYLVANIA, GE, CETRON I 


WARC for FT-101/901 
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DESIGN NARROWBAND MICROWAVE AMPLIFIERS 
WITH VOUR PERSONAL COMPUTER 


"HAMS SERVING HAMS" 
Lowest prices in TVRO 
INTRODUCING 
The NSS 80A 

.45 F/D Spun Aluminum Dish 
weighs only 60# - True polar- 
mount • Quadpod Feed. 

— COMPLETE — 

SAT-TEC R5000 $1350 

KLM Sky Eye IV . 1495 

Universal Comm. DL2000 1495 

AUTQ-TEGH GLR 500.1 595 

DRAKE ESR224.1595 

DEXCEL DXP1 !00-stereo 1 750 

DRAKE ESR 24.1795 

Luxor-Stereo . . . 1850 

All packages include. 8’ Spun 
Aluminum Dish. Palarmount, 
Polarotor II Polarizer. 110° K LNA. 
modulator and 100' cables. 

— PRDDELIN — 

10' Dish - .3 F/D - 8 panels - The 
Ultimate in TVRO Dishes. 

- COMPLETE - 
SYSTEM PRICES 

SAT-TEC .1475 

KLM Sky Eye IV .1730 

Universal Comm. DL2000 1 730 

AUTO-TECH GLR 500.1 750 

DRAKE ESR 224 . . . 1895 

AUTO-TECH GLR 520.1950 

DRAKE ESR 24.1995 

DEXCEL DXR 1100 

with LNC - stereo.2095 

AUIO-TECH GLR 560 2025 

LUXOR STEREO, Infra-Red 
remote control.21 25 

All packages include 110° K LNA (or 
LNC). 100' Cable. Modulator, Polar 
mount, Eolarofor II Polarizer. 

DEALERSHIPS AVAILABLE 
NATIONAL FINANCING 
AVAILABLE WITH AS LITTLE AS 
10% DOWN (O.A.C.) 

CALL TOLL FREE 
1-800-654-0795 
for info or ordering 
312 12th Avenue South 
Nampa, Idaho 
WB6TOC (208) 466-6727 KI7D 


> Australia 
• New Zealand 
» Fiji 
» Hawaii 


Departs tram Los Angeles 
For Hams. Spouses and Friends 
' Meel and greet your ham Iriends in 
their own countries. Welcoming 
events by local hams and clubs. 

Tour directors: Jean (WA6AKP) and 
Bill (W6UFS) Thompson 
Write tor brochure: 


The KR 2000 RC lists for $495.95; the K 
400, $149.95; the KR 600. $259.95. 

For further information, contact Spectru 
West, 5717 N.E. 56th Street, Seattle, Wasl 
ington 98105. RS#304 
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•UP YOURERP’ 


Remove your BNC antenna trom the HT and mount on 
> RF PRODUCTS BNC magnet mount, install the magnet 
>unt on the roof top and connect the BNC co-ax connector. 
The magnet mount (pari no. 199-445) has 10 feet ol small 
32") co-ax with BNC connector attached and Is priced at 
5.95 (Including shipping by UPS to 48 states). 

ORDER • send SI 5.95 money order or cashiers check only 
Fla. residents add 5% tax, for air UPS add SI .50 
ACCESSORY ANTENNAS 
DESCRIPTION PRICE 

ull length BNC connector $7.95 

tubby type BNC connector 8.95 

I lull length BNC connector 7.95 

I stubby type BNC connector 8.95 

stubby type BNC connector 8.95 


RFPRODUCTS 

P.O. Box 33, flock/edge, FL32955, U.S.A. (305) 631-0775 


INEWI 

products 


$149.95, wired and tested, with documentat 
and instructions. Power required is a sin 
+ 12 volt supply at 1/4 amperes. Connect 
cables are also available. Documentation 
available for $5, refundable on purchase. 


CALL LONG DISTANCE ON YOUR HANDHELD 


Our products are backed by prompt fac¬ 
tory service and technical assistance. To 
become familiar with our other fine pro¬ 
ducts in the amateur radio 
market, call or write for our 
free product and small parts 
catalog. 

Model 335 
Kit $69.95 

Wired & Tested $89.95 



Communication 
Concepts Inc. 


WARNING 


WS-W. 


Each module will run from one to three years 
on the replaceable battery; the two modules 
are mounted in a black anodized desk top 
frame. The price is $29.95, plus $1.50 for ship¬ 
ping. 

For more information, contact BHC, Inc., 
1716 Woodhead, Houston, Texas 77019. 
RS#303 


Base plates, Hat root mounts, hinged bases, hinged sectioi 
intended to sppporl the weight of a single man. Accidents 
because individuals assume situations are safe when they 

Installation and dismantling of towers is dangerous and te 
guys of sufficient strength and size should be used at all ti 
when individuals are climbing towers during all types of in 
lions or dismantlings. Temporary guys should be used on 
first 10' or tower during erection or dismantling. Dismantli 
can even be more dangerous since the condition of the 
tower, guys, anchors, and/or roof in many cases is 
unknown. 



test mount adapter 

The new Larsen Electronics test mount 
adapter simplifies tracing problems in antenna 
or radio. It can be used to check the antenna 
feedline VSWR and the radio power output si¬ 
multaneously by simply screwing the adapter 
onto the mount and applying a dummy load. 
Other uses include use as a coax extension. 



For further information, contact Larsen Elec¬ 
tronics, P.O. Box 1799, Vancouver, Washing¬ 
ton 98668. RS//312 




















JGO MOBILE WITH YOUR H.T.! ? 
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products 


PR6CI5IOD 

PROC655IDG 


— lils mlo ballory compartmenl 
HANOI TEK Regulator allows J 


WITHOUT RADIO MODIFICA 
Calif, add $1.50 Sales Tax. 


"maxi" baluns 

The Unadilla/Reyco/Inline W2DU-I6) and 
W2DU-I2) baluns handle3.5 kW power. Model 
W2DU-I6) is used for 160-6 meter applications 
while the W2DU-I2) handles those in the 6-1 •/. 
meter range. Pull-apart tensile strength is rated 
at more than 600 pounds. 

The baluns are adaptable to dipoles, invert- 
ed-vee, quads and Yagi antennas. Both are 
contained in weatherproof housing and have 
built-in lightning arrestors. 



ANALOG TECHNOLOGY 





The price of each is $24.75. For more infor¬ 
mation, contact Microwave Filter Co., Inc., 
6743 Kinne Street, East Syracuse, New York 
13057. RS#302 




FCC LOWERS 
REQUIREMENTS — 
GET YOUR RADIO 
TELEPHONE LICENSE 































•tab 

1 (»ssml Q 


model 1124-A for set of machinist tools from retired ma¬ 
chinist, toolmaker. Sell Drake R4-C receiver with filters 
only $285.00. Collection of over 35years boxed receiving 


WANTED: Pre-1950 bugs for 
Martin, Albright, Melehan, Bo 
way, Richardson, TX 75081. 



GALAXY 5MK2 xcvr, p.s., manual, 
er plus 2 mic, Hallicrafters T.O. K 
$250. WB7NRE (401) 822-1943. 


Coming Events 

ACTIVITIES 

“Places to go...” 

ILLINOIS: RA-C<j)M ’83 sponsored by the Mt. Prospect 
Amateur Radio Club and Tri-County Emergency, Novem- 


116 Q28 November 1983 
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AN UNPRECEDENTED FCC-AMATEUR ANTI-INTERFERENCE PROJECT was kicked off in Chicago 
October 19 by the FCC Chicago Field Office. Introduced to about 70 area repeater repre¬ 
sentatives by the plan's originator, new Chicago Engineer-in-Charge Joe Monie, WB0PAW, the 
"unconventional approach" program will be conducted strictly on a trial basis to see if 
such FCC-Amateur cooperation is workable. Though strictly local in scope, the project is 
being conducted with the knowledge and agreement of appropriate FCC Washington bureaus. 

Initial Thrust Of The Experiment Is Against Intentional Interference to area 2-meter 
repeaters. Several Chicago-area machines have long been plagued by this problem, and the 
project was initially conceived in response to their specific difficulties. All liaison 
between FCC and participating Amateurs will be conducted under strict guidelines, with 
very specific criteria as to what types of information will be acceptable for FCC use in 
hunting down and eliminating interfering stations. 

Reaction To The Proposed Program Was Quite Positive , with some urging that its scope 
should eventually be expanded to cover other kinds of interference and other bands. If it 
is successful Monie feels that it could also be adopted by other FCC Field Offices as well. 
Though at this time the project is not a part of the long-planned Amateur-FCC enforcement 





















comments 


power supply 

Dear HR: 

WB2UAQ's comment (July, 1983) 
on the March, 1983, article, "Dual 
Voltage Power Supply," suggested 
replacing the LM317 with a 723-type 
regulator. I did just that (see fig. 1). 

Paul B. Johnson, VE7DHM 
Sooke, British Columbia 



loaded antennas 

Dear HR: 

Bill Orr's column on loaded anten¬ 
nas {ham radio, April, 1983) im¬ 
pressed me because although I gen¬ 
erally operate on 20 meters. I'd like to 
use the 80-meter band and would like 
to have an antenna that doesn't re¬ 
quire a ground. 

Using the information on pages 54 
and 55 of that issue, I wound the 40 
n H loading coils but used No. 14 in¬ 
stead of No. 16 wire and checked the 
results on a Heath inductance bridge. 
Although the inductance was just 
about at the bottom of the scale (the 
bridge operates at 100 Hz, I believe) 
the results were accurate to two 
places. 

I could not measure the center in¬ 
ductance but wound 11 turns of No. 
14 wire on a 3/8-inch danvas impreg¬ 
nated form I had previously used for 
RFwork. 


It's OK to use the inductances if 
you have the equipment to measure 

them. Perhaps it would be better to 
indicate the coils not in inductance 
value, but rather in frequency, using 
a 10 pF capacitor to resonate with it. 
(Mine resonated at 14.25 MHz using a 
Millen meter for measurement.) 

My friend WB6AFJ has an LC load¬ 
ed 80-meter antenna. He's had plenty 
of trouble with the capacitors burning 
up. The absence of the capacitor, 
and the high voltage developed on 
these coils makes them difficult to 
manufacture for powers up to the 
legal limit which he uses now and 

then, as I do. I tend to shy away from 
coils as a result, but these — without 
the loading capacitors — look good. 

One thing, however. Using the old 
compression insulators in which the 
wires overlap, how does one calcu¬ 
late the full dimensions of the lines? I 


used small ceramic insulators, and 
made the wires to full dimension plus 
about three feet; these I folded back 
and secured. I like the adjustability of 
this method. The doubled-back 
lengths may add a little capacitance 
on the ends of the wires, and may 
assist in loading. The antenna has not 
been dipped as yet; I have to get the 
noise bridge out and adjust it to 
specs. 

I did not attempt to dip the 1.86 /tH 
coil, but I ought to. I may have to use 
52 ohm coaxial; right now I have 
RG-59 which is 75 ohms instead of 52 
ohms. 

Someone might want to run a pro¬ 
gram showing the resonant frequen¬ 
cy of the coils mentioned in fig. 4 
(page 54) for benefit of those using 
the figures and not having other 
equipment. 

Hank B. Plant, W6DKZ 
San Jose, California 


10 03 December 1983 






clean it up 

Dear HR: 

In his Ham Note, "Low Duty Cycle 
Transmitter Tune-up," (August, 
1983), K4KI recommends using an 
automatic keyer in the dot mode dur¬ 
ing transmitter tune-up in order to re¬ 
duce the duty cycle by approximately 
50 percent and thereby save wear and 
('lear on the tubes. But although an 
editor's note recommending the use 
of a dummy load at all times was in¬ 
cluded, we all know not every ham 
has a dummy load. Those who do 
have dummy loads don’t always use 
them, and there are times when load¬ 
ing must be done into a radiating an¬ 
tenna, even if only briefly. 

Therefore, K4KI's alternatives of 
either feeding the keyer's audio side- 
tone through the microphone, or 
feeding in audio generated by a relay 
connected in an RC time-constant 
circuit to make it buzz were both 
most unfortunate suggestions. Hope¬ 
fully anyone currently using either of 
these techniques while loading into 
anything other than a dummy load 
will discontinue the practice. 

While it is true that a pure sine 
wave carefully fed into the micro¬ 
phone input of an SSB transmitter 
can produce, for all practical pur¬ 
poses, a sine wave RF carrier in the 
output, this should never be attempt¬ 
ed casually. The signal should be 
monitored on an oscilloscope, as the 
slightest distortion of the input sine 
wave will result in trash signals in the 
RF output which may vary from mild 
to an RF carrier output composed of 
numerous signals. Add in some flat¬ 
topping in the finals, and this garbage 
will extend perhaps several hundred 
kHz above and below the intended 
frequency of operation. 

Few, if any, audio sidetones are 
pure sine waves. This is true whether 
it is electronic keyer sidetone, or the 
CW sidetone audio now included in 
all modern transceiver designs. At 
least one commercial electronic keyer 
I've seen uses a diode in series with 
the speaker, clipping one half of the 
audio waveform and generating a truly 
unique sidetone signal! Sidetone sig¬ 



nals also tend to have an abundance 
of clicks or chirps, often both. Many 
of the CB to TO-meter conversions 
have no provision for operating CW if 
they are ex-CB SSB transceivers. It is 
common to feed keyed sidetone 
audio into them through either the 
mike or mike input circuit, and the re¬ 
sult is spectacular. A number of these 
are currently loose on 10 meter CW 
and their signals are characterized by 
what can only be described as sound¬ 
ing like keyed steam calliopes — nu¬ 
merous carriers, usually accompanied 
by a bad case of chirps and/or clicks. 
A fairly clean one will occupy 5 or 10 
kHz. 

Audio sidetone-generated signals 
fed into the mike or mike input circuit 
will invariably generate unsanitary RF 
output from an SSB transmitter. 
Sending it into a dummy load is one 
thing, but radiating this garbage is 
quite another. Where on-the-air 
transmitter tuning is unavoidable, 
only the CW mode utilizing the trans¬ 
mitter's internal CW keying circuit 
and a keyer set for fast dots is appro¬ 
priate. Hopefully the internal keying 
circuitry will provide proper shaping 
to avoid generating key clicks (ap¬ 
proximately 5 ms rise and decay 
times), and if the dot/space ratio is 
correct, this will reduce the duty 
cycle to something less than 50 per¬ 
cent. 

Robert G. Wheaton, W5XW 
San Antonio, Texas 


short circuit 

phased verticals 

One line of K2BT's article, "Phased 
Vertical Arrays: part 4" (October, 
1983) was inadvertently omitted. The 
second-to-last sentence on page 45 
should read as follows: 

"The calculation procedures are 
structured and identical for any cir¬ 
cuit (except for the differing equa¬ 
tions for matrix values), making the 
method ideal for programmable cal¬ 
culators or small computers." 


12B 
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Note: the front cover illustrates state-of-the-art techniques in the reception and proc¬ 
essing of ionospheric sounding returns. The color-enhanced display was recorded by a 
Digisonde installed at Goose Bay, Labrador. It combines in one ionogram both vertical 
and oblique echo returns where: yellow signifies vertical echoes with ordinary polariza¬ 
tion; green, vertical echoes with extraordinary polarization; blue, oblique echoes; 
magenta, automatically identified ordinary F trace; red, automatically identified ordi¬ 
nary E trace and extraordinary F trace. (Photo courtesy of Professor Bodo W. Reinisch, 
Technical Director, Center for Atmospheric Research, University of Lowell, 
Massachusetts.) 


digital ionosondes 


A second-generation 
probe of the ionosphere 

HF radar is practically a household word to Radio 
Amateurs these days with almost everyone familiar 
with the Russian woodpecker and some with the 
quieter U.S. equivalent installation in Maine. These 
are known as Over-The-Horizon Backscatter Radars 
or OTH-Bs for short. Their purpose is one of long 
range aircraft detection. Another type of HF radar, 
known as ionospheric sounder, also operates using 
the echo principle. The basic differences between 
these two radars are range and type of object detect¬ 
ed. While both radars utilize ionized layers, OTH-Bs 
use them as a means to an end, while sounders con¬ 
centrate on the layers themselves. Information pro¬ 
vided by the sounders enables communicators to de¬ 
sign radio systems, choosing frequencies and times 
of operation more effectively. It is this latter type of 
probe that will be discussed. 

Sweep-frequency ionospheric sounding equip¬ 
ment was first developed more than 50 years ago, 1 
but until recently there was only one type of sounder 
or ionosonde. It operated in an analog mode, in the 1 
to 30 MHz frequency range, by transmitting pulses 
vertically or obliquely to the D, E, and F ionospheric 
regions and receiving the weaker returning signals. 
The round trip time of the signal determined height, 
while the intensity of the echo could be related to the 
degree of ionization of the D region(s), where radio 
wave energy is absorbed while signals propagate 
through it to the higher reflecting layers. Though ex¬ 
tremely useful data became available in the form of 
ionograms (see fig. 1) it still represented a two- 
dimensional display in a multi-dimensional world. 
What was needed was instrumentation that deter¬ 
mined not only amplitude but also phase, direction of 
arrival, and polarization of the signal returns. 


The next logical step in sounder development took 
advantage of the high speed capabilities inherent in 
digital data processing techniques. By combining a 
general computer with a specialized RF processor, a 
digital ionosonde was created. It now had the capa¬ 
bility of real-time data analysis and display by proc¬ 
essing the (complex vector) numerical description of 
signal returns as they varied with range and frequen¬ 
cy. 2 Manipulation of this data provided additional sig¬ 
nal parameters including phase, group delay, and 
doppler spectrum. When combined with an array of 
receiving antennas, the digital ionosonde was also 
able to determine signal direction of arrival, wave po¬ 
larization, and other diffraction pattern information. 
The significance of this development lies in the fact 
that a single piece of equipment could now provide 
all this information, whereas in the past, several dif¬ 
ferent equipment systems — along with elaborate 
measurements — were necessary. The insight pro¬ 
vided enabled ionospheric researchers to re-examine 
basic concepts in light of this new information. 

ionospheric regions and layers 

December 12, 1901, marks the date when the first 
successful reception of transatlantic signals oc¬ 
curred. It also marks the start of inquiries into the 
mechanism that allowed this radio transmission 
around the curvature of the earth. A.E. Kennedy 
from the United States and 0. Heaviside (remember 
the Heaviside layer?) in Great Britain independently 
conceived of the existence of an ionized region in the 
upper atmosphere capable of reflecting radio waves 
back to earth. 3 48 

The ionosphere, a term first used by Sir Robert 
Watson-Watt,was defined as "that part of the at¬ 
mosphere in which free ions exist in sufficient quanti¬ 
ties to affect the propagation of radio waves."® 

By Rich Rosen, K2RR, Editor-in-Chief, ham 
radio 


14 M December 1983 



(However, when Sir Edward Appleton looked into 
the physics of radio wave propagation in a plasma, 
he found that the refractive index of the plasma, 
which controls the propagation of the wave through 
it by changing the phase velocity of the wave, de¬ 
pends mainly on the electron density of the plasma. 
The ions, because of their large mass — compared to 
that of an electron — have little impact on wave 
propagation. But since charge neutrality requires 
that the number of ions equal the number of elec¬ 
trons, it could be said that Sir Robert was partially 
right.) It is accepted as existing from approximately 
31 miles (50 km) to as high as several earth radii. 
There are three commonly-known sections of the at¬ 
mosphere called the D, E, and F regions occurring at 
heights of 31 to 56 miles (50 to 90 km), 56 to 87 miles 
(90 to 140 km) and above 65 miles (120 km), respec¬ 
tively. (The regions are not clearly defined and merge 
with one another.) These regions can also be divided 
into smaller layers of ion distributions, with the E re¬ 
gion occasionally showing El, E2, and Es layers while 
the F region divides into FI, FI %, and F2 layers. 

The FI layer has a maximum between 160 and 180 
km, exists only in the presence of sunlight, and has a 
maximum density at local noon. The F2 layer peaks 
between 200 and 600 km, depending on factors such 
as time of day, season, phase of solar cycle, neutral 
winds, ion composition, etc. Due to the low densities 
at these altitudes, recombination (electron/s + ion 
= neutral) is very slow; the ionization exists for many 
hours after sunset. The FI 'A layer occurs sometimes 
after eclipse events, but rarely under normal con¬ 
ditions. 

The F2 layer is the most important layer for radio 
communications, since it generally has the largest 
electron densities and therefore reflects the highest 
frequencies; it is found at the greatest height, and 
therefore results in the largest possible 1-hop dis¬ 
tance. 

Some claims have been made for the existence of 
two other regions; C and G. The C region is thought 
to exist at the bottom edge of the D region, approxi¬ 
mately 60 kilometers up, and is formed by cosmic 
rays and is therefore always present (since impinging 
cosmic rays are always present). The G region ap¬ 
pears on ionograms as a little kink during a storm 
when the critical frequency of the F2 layer is greatly 
diminished. It's possibly not a distinct region but 
rather a phenomenon that occurs at special times 
only. 

ionospheric terminology 

To understand the role these layers play in com¬ 
munications it's necessary to define a few related 
terms. For radio communications the most important 
characteristics of the ionospheric layers are their criti¬ 


cal frequencies and virtual heights. If one were to 
slowly vary the frequency of a generator that was 
transmitting pulses vertically (straight up) to the E re¬ 
gion, a frequency would be reached where the signal 
was no longer being reflected down. The highest fre¬ 
quency that reflects back down from the E region is 
known as the E-region critical frequency or foE for 
short. Similar terms can be defined for the FI and F2 
layers: foFI and foF2. Note that the subscript zero in 
the terms for critical frequencies represents zero dis¬ 
tance (surface separation) between a pulse's origin 
and return location. 

Virtual height is the equivalent height of the layer 
based on length or round trip time and apparent uni¬ 
form velocity. In actuality, due to the interaction be¬ 
tween the radio waves and the electrons, a radio 
wave is slowed down as it enters ionospheric layers, 
resulting in non-uniform velocity. Consequently, 
actual layer height differs from virtual height. Never¬ 
theless, virtual height represents an accepted and 
useful convention as we shall soon see. 

Up to now vertically launched signals have been 
considered. If the same transmitter drives an antenna 
that produces a low angle (elevation) pattern, addi¬ 
tional useful information becomes available. Let us 
define MUF (2000) E and MUF (4000) F as the highest 
frequencies which the E or F layer will carry over a 
2000, 4000 km path, respectively. These low angle 
terms when divided by their respective layer critical 
frequency equal what's known as the M-factor, i.e. 

m ( 2ooo)e = mnmm and 
m(400 o)f = mumm 

Note that the F layer is not often high enough to give 
a 4000 km 1 hop. Knowledge of these sets of fre¬ 
quencies is one of the beginning steps in determining 
communication paths and the corresponding oper¬ 
ating frequencies. This is where sounders come in. 

analog sounders 

An early form of an ionosonde was a pulsed radar 
device in which the frequency was repetitively varied 
from approximately 1 MHz to 30 MHz (some started 
even lower, at 0.1 MHz). The equipment was de¬ 
signed to measure the time it took a pulsed radio 
wave to travel up to the ionosphere and back as a 
function of frequency. The transmitter and receiver 
were synchronized either electronically or mechani¬ 
cally while the receiver output was displayed on a 
CRT. Markers were introduced that interrupted the 
sweep trace every one third of a millisecond and mul¬ 
tiples thereof to provide equivalent height indicators 
of 50, 100, 150, . . . kilometers. (These are indicated 
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fig. 1. Vertical ionogram generated by an analog sound¬ 
er on April 23. 1975. over Boulder. Colorado. Sporadic E 
is evident as well as ordinary and extraordinary wave F, 
and F 2 layers. 


as thin horizontal lines in fig. 1 and in this case are 
multiples of 100 kilometers or 0.66 milliseconds.) In 
addition, frequency markers were generated that 


corresponded to each integer MHz. (Note that the 
spacing between vertical frequency marker lines is 
non-uniform and in this case, logarithmic). 

A common ionosonde, designed in the mid-1950's 
for the International Geophysical Year, that operates 
along these lines is the National Bureau of Standards 
(NBS) C-4 machine, still used today. It consists of a 
10 kW peak pulse transmitter and a wideband receiv¬ 
er. The pulse transmitter uses a 31 to 55 MHz swept 
CW oscillator that mixes with a 30 MHz pulsed oscil¬ 
lator to provide a 1 to 25 MHz pulsed output. This 
signal is then amplified in a broadband power ampli¬ 
fier. The receiver uses the same CW (swept) oscilla¬ 
tor in a balanced mixer to mix with the incoming 
echoes down to a fixed 30 MHz IF signal for further 
amplification and processing. The same antenna in 
an analog sounder is normally used both for transmit¬ 
ting and receiving and should show a relatively con¬ 
stant resistive impedance over the entire frequency 
range. Typical antennas utilized are vertically-orient¬ 
ed delta loops, terminated rhombics or log periodics. 

A panoramic display of the returning echoes is ac- 


ionograms explained 

The dark, basically horizontal line on the left side of the ionogram represents the E region (specifically the 
sporadic E layer — a thin layer at about the same height as the normal E layer which varies, unpredictably). 
Signals from between 2 and 3 MHz (2nd and 3rd vertical lines) have apparently been reflected from a 
height starting at 110 and ending at 120 km on this film strip. 

The second set of curves on the same ionogram illustrates several important features of ionospheric 
propagation. The first curve from start to cusp represents the FI layer, while the next continuous segment 
from cusp to cusp represents the F2 layer. The cusps or rapid increase in "height " with small change in fre¬ 
quency corresponds to the previous layer's critical frequency and indicates a maximum layer electron den¬ 
sity. Furthermore, a cusp indicates that the electron density profile has a vertical tangent, i.e., 'that the 
specific layer has a maximum. The FI layer often has no discrete maximum; it is merely a ledge on the F2 
layer electron density profile — an inflection of the trace, not a cusp. It corresponds to points where the 
radio wave penetrates the layer. At the critical frequency, the rate of travel of the incident wave is slow, 
producing the large virtual heights. 

The last curve also shows the FI and F2 layers (though it's hard to see the FI trace in this case). The rea¬ 
son for the existence of two traces is related to the fact that theTransmitted wave splits into two separate 
waves (ordinary and extraordinary) under the influence of the earth's magnetic field. 7 (This is known as 
magneto-ionic effects.) This trace separation is important to all communicators because these two waves 
propagate differently: traveling at different velocities and being absorbed in differing amounts. Depending 
upon a transmitting station's geographical location, the transmitting antenna's configuration and orienta¬ 
tion (polarization and direction) as well as a number of other factors determines which wave is launched 
and how strongly it is reflected if at all. 

Note that the following critical frequencies can be picked off the ionogram and are approximately: 


foEs = 3.5 MHz 
foFI = 4.4 MHz 
fxFI = 5.0 MHz 
foF2 = 11.0 MHz 
fxF2 = 11.4 MHz 


(Sporadic E critical frequency) 

(Ordinary wave FI critical frequency) 
(Extraordinary wave FI critical frequency) 
(Ordinary wave F2 critical frequency) 
(Extraordinary wave critical frequency) 
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complished by applying a voltage to the X plate of 
the CRT that is a function of the sweeping transmit¬ 
ter frequency. The time base voltage is applied to the 
Y plates which equates to the virtual height of the 
layers (round trip time between transmission and re¬ 
ception). The actual receiver output and height pips 
are applied as blanking pulses to the CRT. In examin¬ 
ing the display (see fig. 1) two different curved lines 
(0 and X) are seen that rise with increasing frequen¬ 
cy to a cusp at the critical frequency of the F layer. 
This makes sense since higher frequencies are re¬ 
flected at greater (layer) heights until penetration oc¬ 
curs (see "ionograms explained"). 

A second type of analog sounder used FMCW, 
which provided a linear frequency swept transmitted 
signal. Use of CW gave high average power eliminat¬ 
ing the need for high peak powers. It also permitted 
the use of very narrow receivers (100-200 Hz band¬ 
width), and was therefore less susceptible to interfer¬ 
ence from fixed frequency communication signals. 
The analog output of this FMCW system is a delayed 
and distorted (by the ionosphere) replica of the trans¬ 
mitted FMCW waveform and not an ionogram. A 
mathematical operation called a Fourier Transform 
(or spectral analysis) on the signal determines the de¬ 
lay of each frequency component, which is a meas¬ 
ure of the reflection height. This output provides the 
information which is plotted and recorded as an iono¬ 
gram. In general the main advantage of using FMCW 
versus pulse was in its reduced level of interference 
to itself and other users of the spectrum. However, 
pulsed systems had an advantage over FMCW types 
when multichannel receivers or multiple antenna 


receiving arrays were used. It's easier to switch be¬ 
tween multichannel receivers or sample multiple 
receiving antenna outputs on a pulsed system. By 
using the positive features of a pulsed system and 
adding some software controlled equipment for sig¬ 
nal enhancement the basic digital ionosonde was 
created. 

digital sounders 

A simplified block diagram of one of the few digital 
ionosondes (fig. 2) in the world, the Space Environ¬ 
ment Laboratory model, 2 is shown in fig. 3. The 
heart of the system incorporates a 16-bit processor. 
Data is displayed on a 6-inch (15 cm) XY CRT that 



fig. 2. One of the few digital ionosondes in the world, this 
system developed by the Space Environment Laboratory 
provides new capabilities — within a single system — to 
determine ionospheric structure and magneto-ionic effects 
in general. 



fig. 3. Basic block diagram of the Space Environment Laboratory digital ionosonde. 


December 1983 S9 17 














fig. 4. Simplified block diagram of the RFsection of the SEL digital ionosonde. 


has 1024 x 1024 addressable points. The display ap¬ 
pears animated (is refreshed) by direct memory ac¬ 
cess to the computer's core. This makes rapid 
changes in the display possible and provides a time 
sequence presentation of the data. Program loading 
is provided by a 1600 BPI (byte per inch), 9 track, 3- 
ips tape transport while a 10 Megabyte disc memory 
is used for recording data. The operator talks to the 
system via a graphics display console and hard copy 
unit. 

The RF section of the digital ionosonde has two 
functions: it generates the transmitted signals and 
coherently receives the echoes (see fig. 4). A sym¬ 
metrical up/down conversion scheme is used with 
two oscillators. The first oscillator, a general-purpose 
synthesizer, generates a frequency between 40.1 and 
70 MHz and up converts the receive band of 0.1 — 30 
MHz to a 40 MHz IF. The second generator, a fixed- 
frequency 40 MHz crystal oscillator, mixes with the 
same synthesizer output to form the transmitted fre¬ 
quency. 

In the receive mode the 40 MHz oscillator provides 
the reference signal while the frequency of operation 
is selected by the computer which controls the syn¬ 
thesizer. 

An important question asked during the design 
phase was what is the best choice of output signal 
representation? Previous ionospheric sounding sys¬ 
tems have, for the most part, used a logarithmic sig¬ 
nal scale. The use of a logarithmic scale, however, is 
inconvenient for many kinds of digital signal process¬ 
ing. The justification for this choice of signal repre¬ 
sentation (as opposed to linear, for example) has 
been that it is otherwise difficult or impossible to 
achieve the received signal dynamic range any other 


way. Recent developments in solid-state technology 
have shown that stable, wideband linear amplifiers 
with extremely wide dynamic ranges, typically > 140 
dB in a 30 kHz noise bandwidth are achievable. Using 
these amplifier techniques, passive filters and a well- 
designed mixer and detector, a linear receiver can be 
built that is limited only by degree of (digital) quanti¬ 
zation and DC stability. 

Through careful design, the receiver section exhib¬ 
its a high degree of linearity with low intermodulation 
products and achieves a 1 dB compression point of 
+15 dBm with a third order intercept of +26 dBm 
with 0 dB RF attenuation thrown in. In addition the 
receiver gain varies less than ±2 dB from 0.2 to 29 
MHz and has a tangential sensitivity of s 1 ftV. An 
additional benefit of the strong signal handling per¬ 
formance of the receiver is that preselection filters 
are not required for operation under typical site con¬ 
ditions. 

Two transmitted output levels can be used: 200 W 
or 10 kW. The low level transmitter drive output is 
amplified first by a solid-state class A amplifier to the 
200 W level. This can be used directly or can be used 
to drive a pulsed class A wideband vacuum tube am¬ 
plifier with a 10 kW output. Since the transmitter 
outputs are nominally 50 ohms, unbalanced wide¬ 
band balun transformers must be used to drive typi¬ 
cal sounding antennas. 

operation 

Since the key feature of this system is flexibility — 
i.e. it is software controlled and not hardware con¬ 
strained — the digital ionosondes' modes of opera¬ 
tion can be greatly modified almost at will. Initially, 
software has been written to operate the system as a 
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fig. 5. Digital ionosonde generated display depicting sporadic E, FI and F2 layer ordinary wave returns as well as FI and F2 
layer extraordinary returns. The ordinary wave appears as red "O" symbols and the extraordinary wave as green "X" sym¬ 
bols on the display. 


basic vertical pulse sounder, incorporating flexible 
sweep modes as well as fixed frequency operation 
(up to ten operator-selected frequencies.) Four 
pulses are transmitted per frequency, two at f and 
two atf + Af (Af is usually chosen at 8 kHz). Four an¬ 
tennas are sampled, using two at a time with two re¬ 
ceivers. The amplitude of the "returning signal" is 
examined (interference is removed) and transferred 
to the computer. After more processing, the data is 
recorded on tape and disc and displayed on the sys¬ 
tem CRT. Of particular interest to users of the stan¬ 
dard frequency stations and Radio Amateurs is the 
frequency deletions of 2.5, 5, 10 MHz and the 160 
and 80 meter bands by the system. 

Fig. 5 shows a typical graphics display ionogram. 
The original, in color, shows the Es and FI and F2 or¬ 
dinary wave returns plotted as red letter O's while the 
FI and F2 extraordinary wave returns are shown as 
green X's. The additional trace at the top is the sec¬ 
ond return trip echo (signal transmitted up to the F 
region, reflected back down, reflected by the earth. 


returned once again by the same F region. These are 
also seen on ionograms produced by the convention¬ 
al analog sounders.) 

digital ionosonde programs 

In the Space Environment Laboratory Program in 
Boulder, planning calls for six of the SEL digital iono¬ 
sonde systems to be built and coordinated as part of 
an international research program to primarily study 
the problems of magneto-ionospheric interaction in 
the Arctic and Antarctic ionospheres. Considerable 
software development needs to be done in order to 
take advantage of even a part of the possibilities of 
the system. 

On the east coast, a series of digital ionosondes — 
the latest version known as Digisonde 256 — has 
been developed over the last decade by the Univer¬ 
sity of Lowell® in cooperation with the Air Force Geo¬ 
physics Laboratory at Hanscom Air Force Base in 
Massachusetts. The Digisonde is in use at military 
and civilian research and geophysical monitoring sta- 
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More reasons to call Calvert first: 

Lowest prices 
in America. 
Service you can 
depend on. 


Now introducing the additional convenience of 
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80 00 812A 
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4-I000A 440 00 829B 15 00 7716 . 

I4 1000A) . 69 95 832A.12 00 7854/YL1060 

4CX250B EIMAC 58 00 833A 80 00 7905 

4CX250BC 65.00 866A 7 50 8072 . 

4CX350A 110 00 1625 10 00 8102 . 

40X350135 00 2050A 3.75 8106 . 

4CX1000A 431 00 4657 95 00 8121 . 

4CX1500B 515 00 5670 4 40 8122 . 

4X150A 7034 .... 25 00 5687 . 4 00 8156 . 

4X150D 7609 . 35 00 5751 .. 4 00 8417 . 

4X150G 8172 55 00 5763 . 4 50 8458/YL1240 

5AR4GZ34 4 37 5814A 3 70 8505A/YL1250 

5R4WGB . 5 00 5894A . 48.00 8509 

5Z3 5.00 5965 . 2 50 8560AS. 

6AK5EF95 4 26 6005 . 5.25 8595 . 
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6JS6C. 6.05 6397 . 58 50 8950 . 

SK406 Chimney for 3-500Z, 4-400A/C .50.00 

SK506 Chimney for 4-1000A.72.00 

SK606 Chimney for 4X150A, 4CX250B. 4CX350F . 10.00 


Minimum order $25.00 • Shipping charges extra 
F.O.B East Rutherford NJ 


TOLL FREE: 800-526-6362 (except irom NJ) 


CALVERT S3 
ELECTRONICS, INC. 

One Branca Road, East Rutherford, NJ 07073 
201-460-8800 ■ TWX 710-989-0116 ■ Telex 4990274 


tions (Patrick Air Force Base, Florida; Ft. Mon¬ 
mouth, New Jersey; University of Lowell, Lowell, 
Massachusetts; Millstone Hill Incoherent Scatter 
Facility, Westford, Massachusetts; Air Force Geo¬ 
physics Laboratory, Goose Bay Ionospheric Observa¬ 
tory, Goose Bay, Labrador; and at stations in the 
United Kingdom, Belgium, Germany and Italy). 
Additional sounders are being built for Australia, 
China, and France. 

The Digisondes provide as routine station sound¬ 
ers digital ionograms 9 in the standard format (similar 
to fig. 1) measuring and displaying amplitudes, Dop¬ 
pler, angle of arrival and polarization of the iono¬ 
spheric echoes in selectable combinations. These 
selections depend on station or experimental require¬ 
ments. A special subsystem, the Automatic /Teal 
Time /onogram Scaler with True Height Analysis 
(ARTIST) scales the ionograms in real time and 
transmits via teletype ionospheric parameters and 
the complete trace defining the overhead ionosphere 
to users such as the Air Force Global Weather Center 
at Offutt Air Force Base in Nebraska, and the Air 
Force Over-the-Horizon Backscatter Radar at Colum¬ 
bia Falls, Maine. The system can also be operated in 
the so-called Drift-Mode, measuring ionospheric tilts 
and motions, and in a bistatic mode using two or 
more systems to provide propagation ionograms for 
communication link analysis. 
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state-of-the-art auto-dialer 

It stores 21 telephone numbers, 
uses only 3 chips, and may save your life 


Some time ago I designed a Touch-Tone* auto- 
dialer because I always had trouble dialing an auto¬ 
patch call and driving at the same time. The dialer 
stored sixteen telephone numbers and was easily 
programmed from the keypad, but I had to use ten 
chips to make it work.' Now, because of a new chip 
on the market, I've found it possible to design a 
much better dialer that mounts directly on the dash¬ 
board. The new dialer has only three chips, and the 
parts were easy to get. To really simplify things, I 
even designed a printed circuit board. Anyone with a 
modest junkbox should be able to duplicate my auto- 
dialer for $50 or less. 

features 

The dialer has many features that make it attrac¬ 
tive for Amateur use: 

• It can store twenty-one telephone numbers, eleven 
of which can be twenty-one digits long. 

• All programming and dialing is through a standard 
Touch-Tone® keypad; no other controls are 
needed. 


• Any one of eight dialing speeds are available. 

• Pauses can be programmed, with or without a car¬ 
rier drop. 

• An autopatch access code can be dialed at slow 
speed, followed by the telephone number at high 
speed. 

• Manual dialing includes automatic PTT (push-to- 
talk) with a two-second hang-on time. 

• PTT is keyed one second before any auto-dialed 
number starts. 

• Audible feedback includes unique tones to distin¬ 
guish between programming and dialing key¬ 
strokes. PTT is inactive during programming. 

• Last manually dialed number can be redialed auto¬ 
matically. 

• Battery backup retains memory and programming 
for five to ten years. 


By Alan Lefkow, K2MWU, 17 Jacobs Road, 
Thiells, New York 10984 


December 1983 QB 21 



circuit description 

A new CMOS Touch-Tone® auto-dialer chip called 
the MD-22 is the key to this design. It's available di¬ 
rectly from the manufacturer 2 and comes in a 40-pin 
DIP package. The chip handles all housekeeping and 
dialing functions, including a standby mode for bat¬ 
tery backup, the reading and writing of memory, 
tone generation, and a PTT output. It's used in con¬ 
junction with a standard 256x4 CMOS RAM for maxi¬ 
mum number storage. To monitor tones, I added an 
audio amplifier chip and used an earphone as a loud¬ 
speaker. 

For proper operation, the central part of the circuit 
follows the recommendations given in the data sheet 


for the MD-22. The schematic for the dialer is shown 
in fig. 1. Resistor network RN1 is an 8-bit R-2R lad¬ 
der array. The network sums eight binary outputs 
from the MD-22 to produce a stepped approximation 
of a sine wave. (Most Touch-Tone® generator chips 
use the same approach, but the summing network is 
on the chip.) Capacitor C7 filters out the steps to pro¬ 
duce a smooth waveform. Trim pot R4 acts as a vol¬ 
ume control for amplifier U4, and R5 adjusts the tone 
output level. 

Because of their low voltage drop, germanium di¬ 
odes are used for CR4 through CR8. Silicon diodes 
are necessary for CR2 and CR3 because they carry 
higher current; their voltage drop is compensated for 



fig. 1. Three-chip autodialer schematic. 
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Inside view of the finished autodialer. The PC board shown 
here is an earlier design, slightly larger than the final version 
shown in fig. 2. 


by using CR1 to raise the output voltage of regulator 
U1. This keeps the voltage for the MD-22 in its rec¬ 
ommended range of 4.5 to 5.5 volts. 

My first try at using the MD-22 pointed out some 
unexpected problems. The first one concerned the 
PTT output at pin 38. Most rigs require a switch clo¬ 
sure to ground for PTT. Pin 38 goes low when PTT is 
on, but it must be buffered before connecting it to 
any rig. That I did with two transistors, using one as 
an inverter and the other as an open-collector out¬ 
put. Then f discovered that pin 38 remained high 
when the MD-22 was powered by the backup bat¬ 
tery. That kept one transistor turned on and signifi¬ 
cantly increased the drain on 81. 

To eliminate that drain, I followed a recommenda¬ 
tion by Reiss 3 and changed the inverting transistor, 
Q1, to a VMOS FET. In this circuit the VMOS FET 
behaves much like a bipolar but draws negligible cur¬ 
rent from U2, which is just what I wanted. With this 
change, the drain on the battery during backup 
turned out to be less than 0.1 /iA. At that rate, the 
battery should last five to ten years. When it does 
have to be replaced, the residual charge on capacitor 
C3 will provide ample time to replace the battery 
without any memory loss. 

Another problem involved simply shutting off the 
unit. When power is removed, CR2, CR3, and CR4 
switch in battery B1 to preserve memory. I discov¬ 
ered that if the supply voltage to the MD-22 doesn't 
drop fast enough when power is turned off, memory 
is erased. This can be a real problem if the autodialer 
is powered from a rig. The supply voltage doesn't 
drop abruptly when a rig is turned off because of 
large filter capacitors in the rig. 

The manufacturer of the MD-22 explained the 
quirk. As the supply voltage falls to zero, there is one 
point when the backup battery is called upon to de¬ 
liver current abnormally high for a small watch bat¬ 


tery. This causes the backup voltage to the chip to 
collapse for a moment, and that erases memory. 

The problem can be solved in one of several ways. 
The manufacturer recommended changing B1 to 4.5 
volts and shorting R9 to provide higher current ca¬ 
pacity. I tried that by adding a 1 'A volt calculator bat¬ 
tery in series with B1 and it worked, but I still pre¬ 
ferred the compactness and simplicity of using a 
watch battery. That led me to add transistor Q3 with 
zener diode CR9 wired in series with its base. When 
the supply voltage drops below the zener voltage, Q3 
turns off current to the dialer chip. The sharp knee in 
the diode's voltage curve switches off Q3 fast 
enough to prevent the loss of memory no matter how 
slowly the supply voltage falls. (On some samples of 
the MD-22 the Q3/CR9 combination may not work; if 
so, use the 4 'A volt battery scheme.) 

construction 

You can make your own printed circuit board 
using the pattern in fig. 2, or you can order one from 
the source given in the parts list. Other construction 
techniques can also be used since parts layout is not 
critical. 

If you use the board, the parts are installed follow¬ 
ing fig. 3. Use insulated wire for jumpers that might 
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contact other components. And beware of static dis¬ 
charges when handling U2 and U3; they're both 
CMOS chips. 

Most components mount as shown. However, the 
battery and resistor network require some additional 
work to install them on the board. The network 
comes in a 16-pin DIP package but only nine of its 
pins are used in this circuit. To simplify the PC pat¬ 
tern only one"edge of the network is attached to the 
board. Pins 1 through 8 are soldered in place and 
bent such that the network is perpendicular to the 
surface of the board. Pins 9 through 15 are cut off, 
and pin 16 is connected to the board with a short 
jumper. 

Fig. 4 shows how the battery is held in place using 
common nickel-plated safety pins fashioned into 
spring clips. The head and point of three pins are cut 
off and the pins soldered to the board. Some heat- 
shrink tubing should cover the portion of the pins 
closest to the board to keep the edge of the battery 
from shorting out to them. If desired, eliminating the 
middle pin at the corner of the board will make it 
easier to insert and remove the battery. 

Another three holes on the board under the battery 
are used for soldering either eyelets, short pieces of 
bus wire, or small screws. They should project slight¬ 



ly above the surface of the board to make contact 
with the " + " side on the battery. The battery will be 
held against them by the spring clips. 

Any standard 12-digit Touch-Tone® keypad that 
connects a row and column together whenever a key 
is depressed (called matrix switching) can be used for 
KB1. I used a discontinued Chomerics keypad pur¬ 
chased on the surplus market. The PC board was 
sized to fit neatly in the LMB Crown Royal case listed 
in the parts list. The earphone mounts in the small 
metal box too; just drill a hole and glue the earphone 
behind it. 

interfacing to your rig 

Other than the keypad and earphone, the only 
connections to the board are for power, ground, PTT 
and tone output. Power should come from a switched 
line in your rig that carries 12-15 VDC. The cable 
connecting the dialer to the rig should have a sepa¬ 
rate ground lead in addition to a shielded lead for the 
tone output line. Ground the shield at one end only, 
not at both. 

Resistor R7 is used to attenuate the tones from the 


24 SB December 1983 







dialer to match the requirements of your rig. Its value 
must be carefully selected. If too small, tones can get 
through to your rig due to crosstalk, even with R5 
turned down to zero. This won't occur if R7 is large 
enough. When tones just begin to cause over devia¬ 
tion at the maximum setting of R5, R7 is at the right 
value. Use the tt digit to check this because it gener¬ 
ates the greatest deviation of any Touch-Tone® pair. 

As examples, consider my two FM rigs. Touch- 
Tone® signals connect to the microphone input in 
both. In one, the 500 ohm microphone is always con¬ 
nected across the mike input, whether or not the 
PTT button is depressed. That means the dialer sees 
a load of 500 ohms. I found that 75K for R7 worked 
out just right. In my other rig the microphone impe¬ 
dance is 10K. There, the best value for R7 turned out 
to be 2.2 megohms. If your situation isn't covered by 
these two examples, experiment with R7, starting 
with a value that's 150 times the load impedance 
seen by the dialer. 

programming and operation 

Table 1 lists all the operations of the dialer and 
provides room for writing in programmed telephone 
numbers. Note that a tt precedes every program¬ 
ming operation, while a * precedes an auto-dialing 
operation. 

Let's cover manual dialing first. Pressing any key 
brings up the PTT line and outputs the Touch- 
Tones®, unless the first digit is a * or It. In that case, 
the * or # must be pressed twice to tell the dialer that 
no address or programming follows. The first of this 
double keystroke produces a special tone that's not 
transmitted, while the second one produces the nor¬ 
mal * or tt tones. After the last digit, the PTT line 
stays on for two seconds, at which time a warning 




tone sounds. (That tone won't be transmitted, 
either.) Any sequence of digits dialed before the 
warning tone can be redialed automatically by press¬ 
ing * tt. 

Programming a telephone number is also simple. 
Key in the tt, followed by the address, followed by 
the telephone number. Twenty-one addresses are 
available, consisting of the digits 1 through 9, and 
the combinations 01 through 0 tt, 00 excluded. You 
have two seconds to go from one digit to another be¬ 
fore the warning tone sounds, indicating the end of 
programming for that number. (The end of the num¬ 
ber can also be denoted by keying in tt *, as shown 
on the first line in the table.) During programming, 
address digits produce special tones to distinguish 
them from the telephone number digits being stored. 
If the tt is one of the digits to be stored, it must be 
keyed twice, just as before. 

Any one of eight dialing speeds can be programmed 
from the keypad. Generally, telephone lines will 
accept the dialer's top speed, but many repeater 
autopatches need to be accessed at a slower rate. 
Rather than slow everything down, the dialer can be 
programmed to dial an access code slowly, and the 
telephone number fast. That's accomplished with 
the pause feature. 


December 1983 Qi 25 







The TiE.L. Model CS-1100 
Total Communication System. 

AT LAST! There is a state-of-the-art CW/RTTY/ASCII 
communications system that meets the sophisticated 
operator’s demands for a quality product. 
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Built-in 110 VAC supply. 

500 chr Buffer (all modes). 
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Benefit 
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Insures reliability. 
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No tuning required. 
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Review received text. 
Connect to any. printer 
or computer 



CVJ Operation: Send/ 

Rev 5-90 wpm with Auto¬ 
matic Speed Tracking, 

Four-99 chr memories 
with ability to insert text, 
will key any rig. 

RTTY/ASCii: Receive at 
60,67, 75,100 wpm and 110, _ 

300 Baud with One Button Speed Selection. 

A 30 day unconditional guarantee andl year part s/labor warrantee 
assure satisfaction. Dealer inquiries invited. 

Send lor a free data package and comparison sheet. 



Random Access Inc. 

PO. Box 61117 Raleigh, N.C. 27661 


*•" 192 


HAL-TRONIX, INC. 


As shown in the table, there are three types of 
pauses that can be progammed anywhere in a stored 
number. If the up-speed option is selected, the digits 
before the pause will be dialed at whatever speed the 
dialer is programmed for, but digits after the pause 
will go at top speed. The idea is to set the dialing 
speed slow enough to access the autopatch, and use 
an up-speed pause to send the rest of the number 
quickly. 

When any number is autodialed, the PTT line is 
keyed one second before the number starts dialing. 
This also holds true when dialing resumes after a 
pause. This compensates for any delays introduced 
by mechanical switching in your rig or repeater. 

Note.that of the twenty-one addresses, eleven can 
store twenty-one digits and the rest, fewer. The table 
indicates how many may be stored for each. As a re¬ 
minder, the dialer emits a unique tone when you 
enter the last digit an address can store. Since the 
dialer holds so many numbers, I suggest you make a 
photocopy of table 1, fill it in, and keep it near the 
dialer as a record of what you've programmed. 

conclusion 

The only real drawback to the MD-22 is the ab¬ 
sence of the fourth Touch-Tone* column. For most 
Amateurs that's not likely to be a problem. The real 
problem is driving with your eyes on the road and 
keying in ten digits to make a patch call. That's 
where the dialer serves its purpose well. 
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time and frequency standards: 

part 2 


Multiple-frequency 
VLF techniques 
offer extreme accuracy 

In part 1 {November) the atomic {non-quartz oscil¬ 
lator) frequency standards by which time and fre¬ 
quency measurements are made were identified; 
individual VLF comparison techniques used in the 
precise determination of each were examined. In part 
2, the methods by which frequency standard oscilla¬ 
tors are compared against precise (usually atomic) 
house standards such as the rubidium and cesium 
standards covered in part 1 are discussed, and multi¬ 
ple VLF techniques, typically used in navigation, 
which allow for time and frequency determinations 
to submicrosecond accuracies, are described. 

comparing frequency standards 

Since all aspects of determining time are usually 
based on the accuracy of an oscillator, let's see first 
how we can measure the absolute accuracy of oscil¬ 
lators. To be useful, any method for comparing oscil¬ 
lators against an atomic frequency standard must be 
able to resolve extremely small frequency differ¬ 
ences. The following is an examination of five 
methods for doing this. The first two methods use an 
oscilloscope, while the last three methods use a 
period-measuring technique. 

Lissajous patterns 

Two frequencies can be compared by examining 
the Lissajous pattern that results from their intro¬ 
duction on an oscilloscope's horizontal and vertical 


inputs, respectively (fig. 1). If the two frequencies 
form an integer ratio (a whole number), then the pat¬ 
tern will consist of a number of stationary loops in 
direct proportion to this ratio (see fig. 1). 

If the two frequencies are very close to one 
another, an ellipse results. Slight frequency dif¬ 
ferences cause this ellipse to roll repeatedly through 
all orientations from 0° to 360°. If this duration (time 
of one ''roll'') is timed, then the difference in fre¬ 
quency is equal to the reciprocal of this time. Conse¬ 
quently, to match the frequency of any oscillator to 
that of a known standard adjust the oscillator until 
the ellipse is stationary. This method can be used to 
provide resolution approaching 1 part in 10 9 . 

oscilloscope pattern drift 

An oscillator can be compared to a frequency stan¬ 
dard by externally triggering the oscilloscope from 
the standard while a pattern of several cycles of the 
oscillator output is displayed. (Fig. 2 illustrates this 
technique.) The ratio of the drift displayed on the 
oscilloscope is directly proportional to the error fre¬ 
quency of the oscillator under test. Using fig. 2 as a 
guide, assume that an oscilloscope is used to check 
the time base in an HP5345A frequency counter 
against a time and frequency standard such as the 
HP5065A 1 Rubidium Vapor Frequency Standard. 

If it takes 100 seconds for the pattern of two 10 MHz 
signals, to drift one cycle, then the error is 1 part in 
109. Since: 


If 


Af 0.01 
I ~ 10? 


10-9 


100 kHz signals are being compared and the 


By Vaughn D. Martin, 114 Lost Meadows, 
Cibolo, Texas 78108 
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width of one cycle takes one second, then the fre¬ 
quency error is: 


AT 

/ 


100 x 10* 


10-i 


direct frequency comparison 
with a counter 


You may have been wondering, as I used to, how 
a frequency counter operating on the principle of 
counting a set number of events during a fixed inter¬ 
val of time (typically one second), could measure a 
standard crystal oscillator and resolve any minute in¬ 
accuracies to a fine degree. After all, a typical fre¬ 
quency counter’s timebase itself is far less accurate 
than the unknown standard crystal oscillator being 
tested. This "constructive skepticism" goes to the 
very heart of the issue in that the frequency counter 
is merely an instrument that takes the difference of 
two frequencies by having its own internal frequency 
standard substituted or bypassed by a standard of 
known accuracy. 

As recent as the late 1960's the industry standard 
frequency was 1 MHz; it is now 10 MHz, with 1 MHz 
output still available as an option. (This division by 
ten is easily accomplished by applying the 10 MHz 
signal to a divide-by-10 1C such as a 74LS90.) 


This method substitutes the reference oscillator for 
the frequency counter's time base to establish the 
sampling interval or period. Several cycles from the 
unknown oscillator are counted during this very 
precisely defined interval. Assume we are measuring 
a 1 MHz crystal oscillator against a known 1 MHz 
crystal oscillator standard. The counter's inherent 
± count ambiguity limits the precision to 1 part in 10 6 
for a one-second interval or sampling period. A ten- 
second interval or sampling period increases the ac¬ 
curacy to ± 1 count in 10 7 . Let us assume we want 
to resolve the frequency to a very fine degree and 
have ± 1 count jn 10 11 as our goal. This would take a 
sampling period of 27.78 hours or 100,000 seconds. 

Since this is not practical, another method has 
been devised to speed this process. The oscillator 
under test is frequency translated by a factor of 1,000 
to a 1 GHz rate. (This can be done with a phase- 
locked loop.) What results is not only an increase in 
the fundamental frequency of 1 MHz to 1 GHz but, 
also an increase in the errors or deviations from 1 
MHz by a factor of 1,000. Magnifying these errors by 
1,000 also decreases the sampling period required by 
a factor of 1,000. 

Some counters incorporate electronic counter- 
heterodyne frequency converters which enable the 
determination of frequency offset, relative aging 
characteristics, and fractional frequency comparison 
of deviations (if the measurement interval is kept 
below 10 seconds). 

In modern frequency counters such as the 
HP5345A time base substitution by an extremely 
accurate standard can be effected. The same tech¬ 
nique used to determine the crystal's accuracy as 
outlined in the previous section is used. Error is intro¬ 
duced by: 

1) least significant digit (LSD) count 

2) time base inaccuracy (the quality of the standard 
used) 
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3) trigger error (start of sampling period) 

Trigger error for this specific counter is less than 
0.3% divided by the number of periods averaged for 
a 10 mV input sinewave, with noise specified at 40 
dB below the signal level. Thesetupisshownin fig. 3. 
Let's go through a typical measurement and see how 
the calculations are done. Returning to our basic 
equation for error sources: 

error max = ± count ± trigger error + oscillator 
errors 

Worst-case conditions for accuracy determination 
must assume errors as being all in the same direction 
and cumulative, although in actuality some errors 
could partially cancel or offset one another. 

Error Max = ± 2 counts ± 0. 3% ±ix 10~ u 

5 x 70S* 

*5 MHz cesium beam standard 

= ± 4.61 x 10~ 9 

for a 10 second gate time 
= ± 4.7 x 10~ 10 

for a 1,000 second gate time 
= ± 0.46 x 10~ 11 

Note how the accuracy is improved or the max¬ 
imum error minimized as the sampling period in¬ 
creases, as previously discussed. 

frequency comparison with a vector 
voltmeter 

This is the last of the five methods of frequency 
comparison. A phase-sensitive or vector voltmeter is 
a special type of AC voltmeter with a high input im¬ 
pedance which minimizes the effects of circuit load¬ 
ing. It possesses some special features, including a 
filter to suppress harmonics and noise from the input 
source and a phase-sensitive demodulator. This cir¬ 
cuit gives the instrument the ability to accept two in¬ 
put signals and determine how closely the unknown 
input signal's frequency overlaps or coincides in time 
with a frequency standard used as a reference input. 

If the two signals are exactly in phase and at the 
same frequency, the phase angle generated is zero. 
As the frequencies depart from one another, the 
phase angle increases. In our particular case, the two 
frequencies, that of the standard or reference and 
that of the unknown frequency being measured, are 
so close that the angle will be very small. Therefore, 
a vector voltmeter is used that produces an output 
voltage in direct proportion to the meter's reading. 
This small voltage, which usually comes out the in¬ 
strument's rear panel through a jack, can be ampli- 


* See fig. 3 



fied and a hard copy recorded on a chart recorder. 
This method of measurement can resolve differences 
in frequency to 1 part in 10 13 in a matter of several 
minutes. A typical calculation will illustrate this 
technique: 

Af_ _ AO 

Where: > = 

Af = frequency difference between the two 
signal sources (Hz). 

/ = frequency of the standard source (Hz). 

A0 = phase change in degrees during the, 
measurement time. 

t = time, in seconds, during which AO was. 
measured. 

Af 

- = fractional offset of the source being 

/ checked. 

If our standard and source to be tested both have 10 
MHz outputs, and the angle indication of A0 is 2.5° 
and the time is 120 seconds, then: 

Af _ 2.5° 

f ~ 360° (120 S)(10*10 6 Hz) 

= 5.78 parts in 10 12 

time comparison systems 

Maintaining a consistent local system of time and 
frequency standards requires that they be compared 
against one another with a reference being estab¬ 
lished and maintained. The transfer of time informa¬ 
tion from one location to another is referred to as 
"time synchronization," whereas the transfer of data 
concerning frequency is referred to as "calibration." 
Table 1 lists some of the more common methods of 
accomplishing the transfer of time and frequency 
data. 

Radio broadcasts from frequency and time stan¬ 
dard stations are the method most often used to es¬ 
tablish the link that maintains this reference. The 
following is a discussion of both HF and LF/VLF 
techniques for maintaining local frequency standards 
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traceable to the NBS (National Bureau of Stan¬ 
dards). 

HF radio reception 

HF radio transmission links suffer from propaga¬ 
tion delays that are difficult to determine to better 
than 1 millisecond because of the changing iono¬ 
sphere which is continually affected by sunspot, 
diurnal and seasonal variations. In addition, the num¬ 
ber of propagational hops is also difficult to deter¬ 
mine for distances greater than 2135 miles (3500 km). 

Therefore, to use HF timing signals most effec¬ 
tively in the tick phasing adjustment method, to be 
explained next, these four recommendations should 
be followed: 


• Select the highest frequency that provides consis¬ 
tent reception. 

• Make all measurements in the day or night; avoid 
twilight or transitional hours. 

• Observe tick transmissions for a few minutes to 
judge propagation conditions. Signals must exhibit 
minimum jitter and fade. 

• Make time comparisons using ticks with the ear¬ 
liest arrival time (shortest propagation distance 
mode). 

time comparison by 
tick phasing adjustment 

This technique (fig. 4) compares local time against 
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time signals transmitted by an HF standards station 
such as WWV. The local frequency standard, typi¬ 
cally a rubidium standard with a 10 MHz output, has 
this signal divided down to a frequency of 100 kHz 
and applied to a frequency divider and clock. This 
instrument further divides this signal to produce a 1 
PPS pulse. These pulses are applied to the external 
sync of an oscilloscope while the vertical input to the 
scope is driven by an HF receiver that supplies the 
WWV ticks. This HF receiver is usually a good com- 
munications-quality instrument which can be tuned 
to the required frequencies (2.5, 5.0, 10, 15, and 20 
MHz for WWV). It is preferable to use an antenna 



that is directional and is oriented in a manner favor¬ 
able to the transmission mode consistently providing 
the shortest propagation path. 

The clock incorporates time delay thumbwheel 
switches to control the start of the oscilloscope 
sweep by delaying it until the WWV "tick" begins 
the sweep. By successive adjustments of this con¬ 
trol, the two ticks are brought to near-coincidence. 
The WWV tick is a 5 ms pulse of 1 kHz energy. 

The operator must be skillful at determining when 
the tick arrives. A tick-averaging scheme helps in this 
regard. An oscilloscope with a variable persistence 
screen permits the operator to view repeated sweeps 
of WWV displayed together (see fig. 5). An alter¬ 
native tick-averaging method is to make an oscil¬ 
logram using a scope camera. With either method, 
time comparison readings are possible once the 
scope's sweep time has been properly calibrated. 

LF and VLF compared to HF signals 

Variations in the ionosphere ion and electron den¬ 
sity versus height cause propagation time of a signal 
to change continually, refer to fig. 6. This necessi¬ 
tates that the data recorded from stations such as 
WWV be averaged for days to remove anomalies in 
the data in order to obtain at best 1 part in 10 8 ac¬ 
curacy — note that WWV signals are stable to 5 
parts in 10 11 as transmitted. 
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Low frequency and VLF signals are far more stable 
than HF signals. This is because, unlike HF signals, 
they follow the curvature of the earth and follow a 
“duct" created by the earth's surface and the 
ionosphere. Since the earth's ionosphere acts as a 
boundary rather than as a reflector, as it does with 
HF signals, its variations have a much less pro¬ 
nounced effect. Therefore, for standard frequency 
transmissions this more phase stable method is used. 
When precise timekeeping is of paramount impor¬ 
tance, most users still rely though upon the HF ser¬ 
vice provided by WWV. This is because of two fac¬ 
tors: First, information bandwidth characteristics 
have limited to some extent the use of lower frequen¬ 
cy signals for time-of-day and time comparison infor¬ 
mation. Secondly, to realize very high precision in 
clock synchronization, a fast risetime signal for a 
time marker is required; unfortunately the LF/VLF 
antennas used have large time constants which pre¬ 
vent this from being possible or practically realizable. 

LORAN-C using cesium beam standards 

Now that we have a better appreciation of the 
characteristics of sky and groundwaves, let's ex¬ 
amine a navigation system that is stabilized by 
cesium beam standards and is one of the most ac¬ 
curate time transfer media available through radio 
waves. 

LORAN-C (LOng /?Ange /Vavigation) is a naviga¬ 
tion system used in some parts of the Northern 
Hemisphere as a method of time and frequency dis¬ 
tribution. Operated by the U.S. Coast Guard, this 
navigation system uses pulsed transmissions on a 
carrier frequency of 100 kHz with a 20 kHz band¬ 
width. 

The LORAN-C system has the following ad¬ 
vantages and disadvantages, respectively: 

1) The transmitters are controlled by cesium stan¬ 
dards. 

2) Propagation delays of groundwaves still provides 
± 0.3 microsecond accuracies. 

3) The TOC (time of coincidence), to be explained 
shortly, is provided in advance by the USNO (United 
States Naval Observatory). 

4) Equipment costs are reasonable. 

The disadvantages are: 

1) Mixed terrain (sea and land) result in hard-to- 
predict effects of the propagation delays of skywaves. 

2) Local clock time must be very exactly known, as 
will be shown shortly. 

3) Coverage is not yet global. 

4) Cycle selection requires a skilled operator. 



GREAT CIRCLE DISTANCE (PER HOP) 


fig. 6. Transmission delay experienced on groundwave, 
E and F2 layer propagation modes. 


time and frequency determination 
using LORAN-C 

This navigation system does not broadcast a time 
code signal. It is therefore necessary to know the 
time-of-coincidence (TOC) of a LORAN-C signal rel¬ 
ative to a UTC (universal coordinated time) second. 
Each LORAN-C chain transmits a unique format. 
Within the GRP (Group Recognition Period), which 
is unique to each chain, the master station transmits 
precisely spaced groups of nine pulses (fig. 7). Each 
of the slaves transmits eight pulses within the GRP. 

There is only one GRP that will provide a TOC 
every second. And the period between a pulse coin¬ 
ciding with one UTC second and another pulse-UTC 
second is a function of the repetition rate of the 
whole chain. Each chain is assigned a different rep¬ 
etition rate and this and other data typical of this 
chain can be found in USNO documents. 

Figure 8 is a typical system to utilize LORAN-C 
transmissions for time transfer. This system has a 1 
PPS signal used to start a time interval counter with 
the output of the LORAN-C receiver used to stop the 
interval counter. The output of the LORAN-C re¬ 
ceiver is a 1 PPS signal phaselocked to the received 
signal and in sync with the TOC. By using the count 
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on the interval counter in conjunction with USNO 
published data, you can determine the difference 
between UTG, USNO, and the local clock. 

multiple VLF systems 

Single VLF systems, with their less precise clock 
synchronizations, are unacceptable in highly de¬ 
manding applications such as LORAN-C and Omega 
navigation systems. What is required in these in¬ 
stances is submicrosecond accuracies, obtainable 
only with multiple-frequency VLF techniques which 
use two or more closely spaced, coherently related, 
sequentially transmitted signals. 

The multiple-carrierVLF techniques function by ex¬ 
tracting timing data in the difference frequencies of 
two carriers. This allows for individual cycle iden¬ 
tification of one of the carrier frequencies. Used suc¬ 
cessfully with WWVL and Omega frequencies, this 
technique requires signals, transmission media and 
receiving/comparison equipment that are extremely 
stable. The system functions by setting coarse time 


using an HF radio transmission (link) having an ac¬ 
curacy of several milliseconds which serves to 
resolve any initial frequency ambiguities. The multi¬ 
ple carrier VLF method includes a local calibration 
signal for simulating the frequency of the received 
signal to relate the local time scale to that of the 
transmitter. Agreement between the received and 
calibrated VLF phases is made systematically, and 
the local clock phase-shifter adjusted, until all 
simulated signal phases are identical to the actual 
received signal phases for a single setting of the 
phase shifter. This phase relationship remains essen¬ 
tially unchanged (except for clock interruption and 
phase loss), and the VLF receiver can be turned off 
and on without affecting the calibration. 

The development of precise time and frequency 
standards, and the design of equipment to perform 
extremely accurate tests and measurements, is one 
of the most promising areas in the field of communi¬ 
cations. As satellite communications technology ad¬ 
vances, an equivalent degree of progress should be 
evident in this specialized field. 
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when hazardous waste comes home — 

PCBs in the ham shack 


What’s inside 
your dummy load? 
Knowing the answer 
may be important. 

So far we at ham radio have been lucky: hazard¬ 
ous waste has usually been a matter of concern for 
somebody else. Because we didn't live near the Love 
Canal, or along the 210-mile stretch of North Carolina 
highway poisoned by a "moonlight dumper," there 
seemed to be time and room for complacency. 

But within recent months, two public wells near 
ham radio’s office — one fifteen miles east, the other 
fifteen miles west — were added to the EPA list of 
over 500 contaminated sites eligible to compete for 
$1.6 billion in "Superfund" money. Even closer to 
home, reports in the Amateur press have pinpointed 
dummy loads as a potential source of PCB contami¬ 
nation in the hamshack. 

CDC warning 

Katherine Havener, WB8TDA, called attention to 
the possible hazard in the May 15 issue of New Eng¬ 
land Report/Crossbander: 

...According to CDC Public Health Advisor David 
Forney, the potential danger from the dummy loads 
could come from a type of transformer oil containing 
polychlorinated biphenyl {PCB), a substance known 
to cause liver damage in humans and animals. Fif¬ 
teen samples of transformer oil will be taken from 
dummy loads in Houston, Atlanta, St. Louis, Den¬ 
ver, Columbus {Ohio), and Boston. ...Although 
hams should not panic, Forney urges those con¬ 


cerned to take precautionary measures, such as 
using dummy loads in well-ventilated rooms, and 
preventing the possible PCB-contaminated trans¬ 
former oil from vaporizing . 1 

When we called Forney for an update in early 
September, he was careful to note that these precau¬ 
tions apply even to non-leaking dummy loads — 
loads without visible defects and functioning without 
apparent cause for concern — which could release 
invisible airborne PCBs when they overheat. Conse¬ 
quently, it's important to give your dummy load a 
rest. Don't let it overheat, inhaled PCBs may be as 
dangerous as PCBs that are ingested or absorbed 
through the skin. Follow the rating curved fig. 1) for 
your dummy load; one should be found in your copy 
of the owner's manual for the model you have. If you 
don't have a rating curve, get a copy from the manu¬ 
facturer. 

According to Forney, leaking dummy loads require 
immediate attention. A leaking canister — regard¬ 
less of however slight the leak — suggests the imme¬ 
diate possibility of direct absorption through the 
skin, regardless of whether the dummy load is in use 
or not. 

Don't risk handling a leaking dummy load until you 
know what's in it. 

what's inside? 

If your dummy load was sold with oil already in it, 
contact the manufacturer to determine whether or 
not it was filled with transformer oil containing PCBs. 
Obviously, if you built your dummy load from a kit 
and installed your own oil, you know whether it con¬ 
tains mineral oil or transformer oil. If it's mineral oil, 
there's no cause for concern beyond the knowledge 

By Dorothy Rosa Leeds, assistant editor, ham 
radio 
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that mineral oil will burn at a comparatively low tem¬ 
perature. PCB oil will not; in fact, it was its excellent 
thermal and chemical stability, as well as its superior 
dielectric and insulation qualities that made PCB oil 
such a resounding commercial success from its intro¬ 
duction in the late 1920s through its decline in the 
late 1970s. 

If your kit-built dummy load contains transformer 
oil, then identifying its composition may be more dif¬ 
ficult. Testing for PCBs, down to the parts-per- 
million level, can be done in any laboratory with a gas 
chromatograph and a mass spectrometer, but this 
testing can be expensive — more than the cost of a 
new air-cooled or silicone oil-cooled dummy load. 

biomagnification 

The same qualities that made PCBs a boon to 
industry have made them an environmental scourge: 
they simply don't break down into new chemical 
arrangements. According to a U.S. Navy report, 
PCBs "biomagnify in the food chain — that is, they 
accumulate in the tissues of living organisms and as 
one organism feeds on another, progressively greater 
concentrations occur as the food chain progresses 
upward towards man." 2 Current estimates are that 
99 percent of Americans carry a measurable amount 
of PCBs in their fatty tissues. 3 But unfortunately, the 
human body has no way to break the compound 
down into its less harmful components. 

In structure, PCBs are similar to DDT (see fig. 2). 
Once contaminated by DDT, the human body re¬ 
quires up to fifteen years to rid itself of the chemical, 
but this can happen only if no additional DDT is ab¬ 
sorbed. The federal ban on DDT in 1972 has effec¬ 
tively controlled this hazard, but despite their struc¬ 


tural similarity to DDT, PCBs are significantly more 
dangerous, more prevalent and much more difficult 
to eliminate both from the body and the environ¬ 
ment. 

advice from the experts 

Throughout their nearly 50 years of manufacture, 
PCBs were used primarily in electrical transformers 
— including the familiar "pole pig" sometimes ac¬ 
quired for use as a power supply — and capacitors, 
heat transfer systems, and hydraulic systems. They 
were also extensively used as plasticizers in paints, 
inks, adhesives, sealants, caulking compounds, 
coatings, and in carbonless copy paper, as well as in 
fluorescent lamp fixture ballasts and in pesticides and 
weed-control products.' 1 

Suppose you've concluded that your dummy load 
contains, or may contain, PCB's. What then? 

Don't put it out with tho trash. 

Al Hyer, of the EPA public affairs office in Wash¬ 
ington, D.C., told us that the individual owner of any 
suspect device is solely responsible for its disposal, 
and urged that concerned Amateurs get professional 
advice before disposing of any questionable dummy 
load. He suggested calling your state environmental 
agency first; if an appropriate response and timely 
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assistance are not immediately forthcoming, then the 
regional office of the EPA should be called (see table 
1). "Help is available," Hyer said, "and it may not 
cost a dime." 

Another knowledgeable source we contacted was 
leSs optimistic about obtaining help from the public 
sector. Alan Borner, Executive Director of the Envi¬ 
ronmental Hazards Management Institute, an inde¬ 
pendent, non-profit educational and consulting firm 
in Portsmouth, New Hampshire, cited the potential 
difficulty of calling the attention of a large bureau¬ 
cratic state agency to a seemingly minor — yet per¬ 
haps dangerous — problem. Borner suggested that 
Amateurs turn to utilities or industries instead of 
state or federal agencies. "Call the environmental 
manager for the local public service company," he 
said. "Try any major chemical corporation or utility. 
Ask for the national environmental program manager 
and get his or her advice. These people have been 
walking through this morass for years." 

Public utilities are especially sensitive to PCB ques¬ 
tions, Borner noted, because under federal law, 
owners of potentially hazardous materials are re¬ 
sponsible for them. Even though vandals still shoot 
out transformers for sport, it's the utilities who foot 
the bill for replacements and any lawsuits that may 
result. 

According to Borner, the number and availability 
of disposal facilities for PCBs is extremely limited, so 
disposal, however it is ultimately accomplished, may 
be complicated by red tape and delay. But if only be¬ 
cause PCBs are the only compound specifically sin¬ 
gled out for immediate restriction as hazardous in the 
Toxic Substances Control Act of 1976, their handling 
and ultimate disposal should be taken seriously. 

Another option open to Amateurs seeking to dis¬ 
pose of questionable or contaminated dummy loads 
is to contact an independent hazardous waste con¬ 
tractor. Some firms will deal only with industrial 
clients and have minimum quantities they will ac¬ 
cept. A few large firms — SCA Chemical Services 
was one we spoke with — have limited programs de¬ 
signed to help individuals dispose of hazardous mate¬ 
rials in a responsible manner. (SCA sponsored a 
"household cleanup" program on Cape Cod last fall, 
and other efforts are planned in certain areas of the 
Northeast.) 

There are also smaller firms that will accommodate 
small quantities of waste as well as industrial quanti¬ 
ties. Transformer Service, Inc. (TSl), of Concord, 
New Hampshire, for example, offers testing and dis¬ 
posal services. Louis LaSalle, TSI's Northeast Sales 
Manager, told us his firm would assist Amateurs in 
disposing of contaminated dummy loads. Group 
rates are negotiable for both testing and disposal ser¬ 
vices. 


table 1. List of administrators designated as "hazard¬ 
ous waste contact persons" at regional offices of the 
Environmental Protection Agency las of July 29, 
1983). 

Region I — Ira Leighton, Environmental Protection Agen¬ 
cy, John F. Kennedy Building, Boston, Massachusetts 
02203, (617) 223-3468 

Region II — Dr. Ernest Regna, Environmental Protection 
Agency, 26 Federal Plaza, New York, New York 10278, 
(212) 264-0504/5 

Region III — Anthony Donatoni, Environmental Protec¬ 
tion Agency, 6th and Walnut Streets, Philadelphia, Penn¬ 
sylvania 19106. (215) 597-7937 

Region IV — Allan Autley, Environmental Protection 
Agency, 345 Courtland Street N.E., Atlanta, Georgia 
30308, (404)881-3016 

Region V — Karl J. Klepitsch, Jr., Environmental Protec¬ 
tion Agency, 230 South Dearborn Street, Chicago, Illinois 
60604, (312) 886-7435 

Region VI — Ms. Pat Hull, Environmental Protection 
Agency, 1201 0m Street, First International Building, Dal¬ 
las, Texas 75207, (214) 767-9736 

Region VII — Chet McLaughlin, Environmental Protection 
Agency, 324 E. 11th Street, Kansas City, Missouri 64106, 
(816)374-6534 

Region VIII - Jon P. Yeagley, Environmental Protection 
Agency, 1860 Lincoln Street, Denver, Colorado 80295, 
(303)837-2221 

Region IX — Laura Yoshii, Environmental Protection 
Agency, 215 Fremont Street, San Francisco, California 
94105, (415) 974-8127 

Region X — Tobias A. Hegdahl, Environmental Protection 
Agency, 1200 6th Avenue, Seattle, Washington 98101, 
(206)442-2808 

Note: The EPA operates a special hotline dedicated 
specifically to questions about PCBs: 1-800-424-9065. 
Questions about other hazardous wastes should be 
directed to another EPA hotline: 1-800-424-9346. 


LaSalle cautioned Amateurs to choose their dis¬ 
posal contractor with care, and to insist on receiving 
documentation confirming appropriate incineration 
of the waste oil. He confirmed Hyer's and Borner's 
warning that the owner is responsible for safe dispos¬ 
al: "You can't contract your liability away...anytime 
the material leaves your premises, you've lost con¬ 
trol; be sure you know where it goes," he warned. 

don't inhale 

According to LaSalle, dummy loads can be shipped; 
check with your contractor for specific instruction for 
safe handling and packaging. 

In a letter to ham radio? Tom Runyon, VE5UK, 
took the media to task for "overrating" the potential 
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hazards of PCBs, but at the same time expressed 
appreciation that the question had been brought to 
the attention of Amateurs as a group. He gave this 
advice for distinguishing PCB oil from mineral oil in 
dummy loads: 

1. The smell of PCBs is somewhat similar to that of 
moth balls. Ordinary vegetable or mineral, trans¬ 
former oils smell like "oil." 

2. Pure PCB is heavier than water, and a drop drop¬ 
ped into a bottle of water will sink. Ordinary trans¬ 
former oil will float on water. 

(We don't recommend that you actually sniff the oil 
in your dummy load; inhalation, as noted before, 
may be hazardous. And before you follow any of 
VE5UK's advice, check with your regional EPA office 
or other appropriate authority.) 

Runyon pointed out what may be an important dis¬ 
tinction in any review of this issue: that there's a dif¬ 
ference between acute poisoning with PCB’s in high 
concentrations and short or long-term exposure to 
materials containing PCB's in lesser concentrations. 
Serious health effects have been documented in 
episodes involving heavy concentrations of PCB's, 
but to our knowledge, there is no evidence at this 
point to confirm the common fear that incidental ex¬ 
posure to low levels of PCBs has any documentable 
health effects. We just don't know. Nobody knows. 

Hearing that nobody really knows for sure about 
the effects — if any — of low-level exposure to PCBs 
usually causes one of two reactions: either people 
assume that since nobody knows, there's nothing to 
be afraid of, or that because nobody knows, there's 
reason to be gravely concerned. 

toward solving the problem 

Congress was sufficiently concerned about the 
possibility of serious PCB-induced health hazards 
and passed The Resource Conservation and Recov¬ 
ery Act of 1976, in which the manufacture of PCBs or 
products containing PCBs, and the importation of 
any polychlorinated biphenyls, were declared illegal. 
No longer could industries or utilities drain the oil 
from a malfunctioning transformer, perform a repair, 
and replace the oil. It had to be discarded. Where 
and how, became an entirely new problem. 

With increased understanding of the importance 
of responsible disposal of hazardous wastes, industry 
has turned to two main means of disposal: inciner¬ 
ation and detoxification by dehalogenation. (PCB 
waste in low concentrations may still be buried, but 
only in approved landfills under close EPA supervi¬ 
sion. High-concentration PCB materials may not be 
buried.) 

Incineration is effective only at temperatures in ex¬ 


cess of 2300 degrees Fahrenheit; incomplete incin¬ 
eration at lower temperatures has been known to 
release dioxin (tetrachlorodibenzo-para-dioxin, 
TCDD), estimated to be approximately 500,000 times 
more dangerous than PCBs. (Its levels of contamina¬ 
tion are measured in the parts-per-trillion, rather than 
in the more modest parts-per-million used to calcu¬ 
late the levels of PCBs.) 

Several state-of-the-art incinerators are in opera¬ 
tion now; the Rollins Environmental Services, Inc., 
facility in Deer Park, Texas, was the first to receive a 
permit from the EPA to incinerate PCBs in liquid and 
solid form. Rollins claims an efficiency level of 
99.9999.® Several major chemical corporations have 
developed elaborate incineration systems (see figs. 
3, 4), but the cost remains high — $9 to $12 per 
gallon, plus fifty cents per gallon for transportation 
alone. 

Industries seeking to develop effective disposal 
systems face a costly and time-consuming challenge, 
however, because citizen resistance to incinerators 
remains intense. No wonder: even with high-effi¬ 
ciency incineration, the possibility of accident or un¬ 
wanted emissions remains. 

At least two experimental incinerators are current¬ 
ly operating at sea, with more in the planning stages, 
and Sunohio, Inc., has developed five mobile units 
that process PCB waste on-site. 

Unfortunately, we read less about progress in the 
development of effective means of detoxification and 
effective solutions to the problem of disposal than 
we read about accidents involving PCB contamina¬ 
tion of people, wildlife, and the environment. The 
stories are shocking. While research has yet to con¬ 
clusively link inordinately high levels of cancer in cer¬ 
tain areas with PCB contamination, studies have 
documented liver damage, digestive disturbances, 
jaundice, impotence, swollen limbs, and serious skin 
problems, including lesions, chloracne,* and pig¬ 
mentation disturbances. The most notorious episode 
of PCB poisoning occurred in Japan in 1968, when 
1,291 adults and children consumed rice oil contami¬ 
nated with PCBs. Twenty-four died — nine of malig¬ 
nant neoplasms. In Laying Waste: The Poisoning of 
America by Toxic Chemicals, three-time Pulitzer 
Prize nominee Michael Brown, who covered the infa¬ 
mous Love Canal story in the Niagara Gazette, re¬ 
ports on a study of thirteen women who had ingest¬ 
ed the contaminated rice oil during pregancy. Of the 
thirteen, "nine bore children with impaired liver func¬ 
tion and other defects...." 7 

Japan outlawed the production of PCBs in 1972. 

According to EPA estimates, there are 9,131 aban¬ 
doned waste disposal sites. 440 million pounds of 

•While chloracne is not life-threatening, it is disfiguring; its treatment - 
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fig. 3. 3M Company's state-of-the-art incinerator at 
Cottage Grove, Minnesota, processes BOO 55-gallon 
drums of hazardous waste daily. Constructed in 1971 at 
a cost of $4.6 million, and updated as technological im¬ 
provements became available, the facility treats only 
3M waste. 



fig. 4. 3M incinerator air pollution control train includes 
a series of water showers designed to remove gas and 
particulate matter from air stream before it passes 
through 500-horsepower fan at base of stack, which 
measures5 feet in diameter, 200 feet in height. 

PCBs await disposal, and 750 million pounds remain 
in use or storage, with 40,000 of the 20 million trans¬ 
formers in use by utilities today containing Askarel, a 
fluid composed of 60 to 100% PCBs. 8 Of the 200 or 
more varieties of PCBs made, most can be identified 
by name; tradenames include Aroclor, Pydraul, Ther- 
minol. Pyroclor, Santotherrn, Pyralene, Pyranol, In- 
erteen, Asbestol, Chlorextol, Diachlor, Dykanol, 
Elemex, Hyvol, NO-Flamol, Saf-T-Kuhl, Clorinol, 
Clorphen, and Eucarel. 8 

Because the number of approved incinerators is 
limited, and because the issue of incineration is con¬ 
troversial, industry has turned to detoxification as an 
alternative. In 1980, Goodyear Tire & Rubber an¬ 
nounced the development of a method of breaking 
down PCBs into sodium chloride and sludge. 

Only recently have the EPA, FDA, and Department 
of Agriculture ordered removal of equipment con¬ 
taining PCBs from food and feed preparation and 


storage areas. Currently under EPA study is a pro¬ 
posal to eliminate equipment containing PCBs from 
public buildings. (In 1976, 95 percent of all oil-filled 
capacitors manufactured in the United States were 
made with PCBoil.) PCBs are still very much with us. 

By the time serious health implications were first 
suspected — in the early 1970s — the annual rate of 
PCB production in the United States had reached 
34,000 tons (30,844 metric tons). But it was too late 
to reverse the worldwide spread; by 1970, traces of 
the compound had been found in almost every 
American river and even at the Arctic Circle, in the 
bodies of nonmigatory bears. Commercial and sporl 
fishing, and duck hunting on many waterways has 
been seriously disrupted or destroyed by PCB con¬ 
tamination. 

With the banning of PCB production in the United 
States, it would seem that at least one part of the 
problem has been solved. But the question of how to 
handle what we have already remains; the fact is that 
we as individuals, families, and as a nation, generate 
more household and industrial waste than we can ef¬ 
fectively dispose of. 

So the next time you sit down to operate, cast a 
wary eye on your dummy load. It may be a small 
piece of a very large puzzle. 
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CDCconfirms PCBs 
in dummy loads 

As this issue went to press, the CDC had re¬ 
portedly found at least one PCB-contaminated 
dummy load in its study of samples taken from 
Amateur equipment in six cities (see page 42). 

The contaminated dummy load belonged to 
Richard P. Beebe, K1PAD, ARRL section man¬ 
ager for eastern Massachusetts. Of the 15 
samples taken from the Boston area, Beebe's 
was the only one found to contain PCBs. 

Beebe told ham radio that he had been ad¬ 
vised by the CDC to undergo a blood test in 
order to determine whether he had experienced 
any negative health effects as a result of ex¬ 
posure to the material. 

According to CDC epidemiologist Paul 
Stehr, the CDC study will continue, as leads in 
Which potential problems were identified are 
followed up and owners of questionable 
dummy loads notified. 

Katherine Hevener, WB8TDA 
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photovoltaic cells: a progress report 


Seminar covers PV basics, 
“breeder” concept, and 
Amateur Radio applications 


In November, 1982, 400 people participated in what has been 
termed the "largest publicly held seminar" on photovoltaics in the 
world. The gathering, presented by ENCON and SOLAREX in Dear¬ 
born, Michigan, provided the latest information on this subject to a 
group consisting of Radio Amateurs, corporate engineers and 
building contractors. The following article discusses the important 
features presented at theseminar. 


Early photovoltaic cells were manufactured solely 
for space applications, and between 1958 and 1973 
cost $500 to produce one (peak) watt. At this rate, 
the early cells would have had to operate for 40 years 
to pay back the energy expended in their manufac¬ 
ture alone; in order to compete with conventional 
electrical power generation, the cost of the cells 
would have to decrease dramatically. By 1977 the 
cost of solar cells had dropped to $20 per peak watt, 
with a calculated energy payback of less than six and 
a half years. Today, costs are lower than $10 per 
peak watt, with an energy payback of less than three 
and a half years. Both the cost and energy payback 
are continuing to decrease. 



fig. 1. "Breeder concept" structure uses solar energy to pro¬ 
vide power for production of solar cells. 


What this indicates is that the technology, produc¬ 
tivity, and energy consumption problems are being 
resolved, and that the solutions to the remaining 
issues are in hand. It is believed that by the time 
photovoltaic demand rises to the 100 megawatt level, 
costs will drop below $4 per watt and the energy pay¬ 
back will be reduced to less than one year. 

photovoltaic cell material 

Historically, several materials have been used for 
experimentation in photovoltaic devices: gallium ar¬ 
senide, cadmium sulphide, and silicon, among 
others. Silicon has been chosen for widespread use 
and is the logical material since it is the second most 
abundant element on earth, is low in cost when used 
in a relatively low purity form and provides high 
photovoltaic efficiency. One key to lowering costs of 
solar cells has been the development of semicrystal¬ 
line silicon — a form of polycrystalline silicon devel¬ 
oped specifically for photovoltaic applications. 

Semicrystalline silicon is fabricated using a proce¬ 
dure known as Ubiquitious Crystallization Process 
(UCP), in which the silicon takes on the shape of the 
mold in which it is crystallized. One common config¬ 
uration* is that of square wafers, which lends itself to 
high density packing in a solar panel. Perhaps most 
importantly, UCP uses inexpensive, low-purity raw 
silicon. This means that the expensive, highly pure 
and energy-demanding raw material used in the con¬ 
ventional single crystal process can be bypassed. 

the breeder concept 

One way to decrease the price of a product is to in¬ 
crease its productivity. One successful means of in¬ 
creasing productivity, called the breeder concept 
method, incorporates a large industrial structure 
completely powered by the sun. With its sloping, 
south-facing roof, the building features a 28,000 
square foot (2600 square meter) array of SOLAREX 
semicrystalline silicon solar cell panels (see fig. 1). 

By Paul J. DeNapoli, WD8AHO, ENCON 
Corp., 27600 Schoolcraft, Livonia, Michigan 
48150 
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The 200 kW rooftop photovoltaic array converts 
sunlight directly into electricity to provide power for 
the facility's production lines, which produce photo¬ 
voltaic cells and panels. So the facility actually uses 
power provided by the solar cells on its roof to manu¬ 
facture, or "breed," more solar cells. It derives all of 
its electric power, including power for lights, air con¬ 
ditioning, and production equipment, from the more 
than 3000 semicrystalline panels mounted on its roof. 
Its photovoltaic system, aided by solar thermal 
energy and thermal storage, also provides for all fa¬ 
cility heating requirements, elminating the need for 
oil or gas heating. The 200 kW array produces an 
average of 800 kWh per day of energy coupled with a 
2.5 MWh battery storage system. This storage capac¬ 
ity provides steady, uninterrupted power of 60 kW in 
the unlikely event of four dark days in succession. 

powering an Amateur station 

A complete system sufficient to power an Amateur 


Radio station under ordinary circumstances or during 
times of crisis would consist of photovoltaic panels, 
charge-controlling devices, and deep-cycle renew¬ 
able energy batteries, (see fig. 2). A typical "bare¬ 
foot" installation allowing for three hours of opera¬ 
tion per day (one hour transmit, two hours receive) 
would require an average of four peak hours of sun in 
an area such as Michigan (see fig. 3), where ENCON 
and SOLAREX test facilities are maintained. 

The transmitter load in this case would be 15 
amperes for one hour or 15 ampere-hours. The re¬ 
ceiver load would be 0.6 amperes for two hours or 
1.2 ampere-hours. The combined load requirement 
would be 16.2 amperes, or more simply, 17 ampere- 
hours. 

It's usual to factor in a system loss term of 20%, 
which raises our design requirements to a total of 
20.4 ampere-hours. Referring to fig. 3 and dividing 
20.4 by 4 (average peak sun hours) provides our de¬ 
sign goal of 5.1 amperes. Examining the industrial lit¬ 
erature shows that the SX-100** PV panel produces 
1.9 amperes at 17.0 volts or 32 watts under these 
conditions. Use of three of these panels meets our 
requirements (1.9 x 3 = 5.7 amperes) conservative¬ 
ly. Fig. 4 has been included to assist readers in de¬ 
signing installations according to their own specific 
requirements. 
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fig. 4. SX-100 solar panel performance at various light 
intensities, T = 25°C. (Courtesy of Solarex Corpo- 


•Manufactured by Sennix Incorporated, a subsidiary of Solarex Corporation 
“Manufactured by Solarex Corporation 
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Anyway you Look 
At It.... ADM Has 
Your Antenna 



ADM 11, ADM 13, ADM 16, ADM 20 
Sturdy Aluminum fir Steel 
Construction 

Easy Assembly fir Installation 

ANTENNA DEVELOPMENT fir 
MANUFACTURING, INC. 

P.O. Box 1178, Hwy. 67 South 
Poplar Bluff, MO 63901 
(314)785-5988 686-1484 



fig. 5. A typical "barefoot" ham station can be powered by a 
two-PV panel array with two 6 VDC 185 ampere-hour bat¬ 
teries as backup. 


battery calculations 

For battery (or storage) calculations, use a NO 
SUN day number for added reliability. 

20.4 ampere-hour load x 7 (No SUN days) 

= 143 ampere-hours 

1-13 ampere-hours x 2 (50% battery drain) 

= 286 ampere-hours 

Four 6 VDC 185 ampere-hour batteries will supply 
370 ampere-hour capability at double the voltage or 
12 volts DC (series-parallel configuration). 

A list of materials for this system would include 3 
SX-100 panels, 4 Exide 6 volt DC batteries, 1 charge 
controller, 1 mounting hardware kit, and 1 meter 
package and cable. 

Due to SSB characteristics, a transmitter will 
never really see the full ampere output in transmit¬ 
ting. A system containing 2 SX-100 panels and 2 bat¬ 
teries with accessories can be utilized in a very 
energy-efficient manner for normal and emergency 
operations, (see fig. 5). 

when will the price come down? 

PV's have been dropping in price for twenty years. 
The pricing structure of photovoltaics is now at an 
affordable level, but without consumer support, we'll 
never see another decrease because of the elemen¬ 
tary laws of supply and demand. A prime example of 
how consumer-supported products decrease in price 
are calculators and personal computers. The same 
principles apply to photovoltaics: until the Amateur 
Radio community chooses to support PV products, 
the industry will be slow to meet its ultimate goal of 
supplying reliable, cost-effective, primary and emer¬ 
gency power for communication, residential and 
commercial needs. 

ham radio 
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vertical phased arrays: 
part 5 


ABCD matrix parameters 
simplify network 
calculations 

The most recent article of this series 1 discussed 
the application of lumped-constant circuits to the 
drive networks for all-driven element phased arrays. 
Design equations were presented for the most com¬ 
monly used four-terminal networks. The design proc¬ 
ess and general procedures that must be followed for 
any drive network were reviewed, using typical 
arrays as examples. 

Not discussed in part 4 was how the input/output 
calculations might be done. Those familiar with com¬ 
plex algebra and the use of a Smith chart can do 
these calculations one circuit branch at a time with 
these relatively simple networks. But it is a tedious 
process at best, prone to human error and cumula¬ 
tive errors resulting from rounding off in chain calcu¬ 
lations. And one of Murphy's Laws asserts that 
errors are always committed at the beginning of the 
longest chain of calculations! 

There is an alternative to this drudgery: matrix 
algebra. Using it allows us to determine the input 
conditions that result when any load is connected to 
a network. We do not have to calculate each circuit 


branch individually; all we need to know is the circuit 
type. There is even a built-in method of checking ac¬ 
curacy which aids in eliminating arithmetical errors 
and the entry of incorrect signs. 

Matrix algebra has been used for solving problems 
of networks, transmission lines, and filters since the 
late 1940s because of its convenience in rapid circuit 
analysis and synthesis. With the advent of comput¬ 
ers the use of matrices has increased, and it is pos¬ 
sible that many readers have been using matrix meth¬ 
ods without recognizing them as such, since the 
methods have often been incorporated into scientific 
computer programs as special process calls or library 
functions. 

If matrix methods have been neglected in Amateur 
literature, it is not for lack of suitable applications. 
Perhaps the method has seemed too esoteric to be 
applied to such mundane problems as matching an¬ 
tennas to transmission lines, or that the jargon asso¬ 
ciated with it has frightened experimenters away; 
perhaps Amateurs have simply not been sufficiently 
exposed to this powerful mathematical tool. 

four-terminal network matrices 

Mathematical analyses using matrices require only 
the algebra of alternating current theory: a + jb. Be¬ 
cause four-terminal networks happen to have proper¬ 
ties which are natural to matrices and because the re¬ 
curring structure of matrix operations makes them 
well suited for performance on programmable calcu¬ 
lators or small computers, it makes sense for the 
Amateur to apply matrix algebra to network design. 

By Forrest Gehrke, K2BT, 75 Crestview, 
Mountain Lakes, New Jersey 07046 
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fig. 1. Four-terminal network showing reference direc¬ 
tions for voltage and current. Subscripts i and o imply 
'in' and 'out', respectively. 


As with many other mathematical concepts, the ap¬ 
plication of matrix methods does not necessarily re¬ 
quire a complete understanding of the underlying 
theory. It is in this context — i.e., in explanation of 
the use of matrices — that I address this subject. (For 
those who may wish to explore matrix algebra in 
depth, a brief bibliography is supplied at the end of 
this article.) 2 

Some fundamentals, such as the assumptions and 
restrictions and the notation employed, must be 
understood. Before all else, it should be emphasized 
that we are dealing only with alternating current 
steady state. (Matrix methods can be applied to tran¬ 
sient and pulsed states, but that is outside the realm 
of this discussion.) 

Four-terminal networks are a special form of a gen¬ 
eral network having a pair of input terminals and a 
pair of output terminals. Pictured in fig. 1 is a box 
with the two pairs of terminals showing the reference 
directions for voltage and current. We may not know 
what is in the box, but we will suppose it to consist of 
any number of circuit branches and impedances with 
the following restrictions applying: 

1. All impedances may be complex, but are linear and 
constant (time-invariant). 

2. The network is passive, i.e., the only generators 
must be external sources (no dependent or internal 
sources), represented by £,or£ 0 operating alone, or 
both simultaneously. 

Despite not knowing the exact circuit inside the 
box, enough information can be deduced from meas¬ 
urements (amplitude and phase) made at the four 
terminals to produce a simple Tee or it circuit which 
is equivalent to it at any one frequency. We do this 
by defining a set of matrix parameters as follows: 

A = (E t /EJ with I 0 = 0 (1) 

Voltage £, is applied to the input terminals and volt¬ 
age E 0 is measured at the output terminals with no 
load connected to the output. 

B = (E t /I 0 ) with £ 0 = 0 (2) 


Voltage £ z is applied to the input terminals and the 
short circuited output current I„ is measured. 

C = (Ii/EJ with I 0 = 0 (3) 

Applying a voltage to the input terminals, measure 
input current and output voltage E 0 with no output 
load connected. 

D = (I/IJ with £„ = 0 (4) 

Applying a voltage to the input terminals, measure 
input current /, and measure the short-circuited out¬ 
put current I 0 . 

The coefficients A, B, C, D are called general net¬ 
work parameters. Two relationships exist between 
inputs and outputs of a four-terminal network involv¬ 
ing these parameters: 

E, = AE 0 + BI 0 (5a) 

Ii = CE 0 + DI 0 (5b) 

A and D are dimensionless transfer ratios, but B and 
C have the dimensions of impedance and admit¬ 
tance, respectively. In addition, a specific relation¬ 
ship exists between the network parameters because 
of reciprocity: 

AD - BC = 1 ( 6 ) 

If we know any three of the four parameters, we can 
calculate the fourth. On the other hand, if we believe 
we know all four, this relationship gives us a means 
of verification, for if calculations using eq. 6 do not 
hold, there must be an error. 

The matrix used to describe four terminal networks 
is known as a square or network matrix. The network 
matrix is always portrayed this way: 



If the network contains no resistances, i.e., is loss¬ 
less, A and D are real numbers and B and C are pure 
imaginary numbers (£ and C carry the 'j' operator).* 
Several kinds of matrix parameters such as S, H, 
and ABCD, have been developed for solving particu¬ 
lar problems. Though one system is sometimes pre¬ 
ferred over the other, it is possible to convert any of 
these parameter types to any other type, and to use 
any type of matrix parameter in the calculations dis¬ 
cussed herein. 


pie working with electronics, these terms may unfortunately convey mean¬ 
ings which are not intended literally. The algebra, although different, is not 
complicated; the reactances resulting from inductances and capacitances 
are neither unreal nor imaginary in effects. However, the terms have been 
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Matrices may be manipulated — added, multi¬ 
plied, inverted, reversed, partitioned — in many 
ways, but only according to special rules of proce¬ 
dure and order. For example, when four-terminal 
networks are cascaded, the effect may be calculated 
using matrix multiplication. If the individual matrix of 
each component network is known, the product is a 
new matrix of ABCD parameters for the overall net¬ 
work chain, allowing calculation of input/output re¬ 
lationships directly, end-to-end. If there is no need to 
determine the intermediate voltages and currents of 
the component networks, this is the way to go. (The 
order of this matrix multiplication is important. Ob¬ 
viously, there will be a great difference in results if 
the position of a 75-ohm 1/4 wave transformer fol¬ 
lowed by any length of 50-ohm line, is reversed!) 

A four-terminal network is reversible if the A 
parameter is equal to the D parameter at all frequen¬ 
cies. This is another special case of the network 
matrix; we may reverse the connections to such a 
network without causing any change. Physically, a 
length of coaxial transmission line, a symmetrical Tee 
or ir circuit are examples of such networks. The 
matrix of reversible networks appears like this: 



with A = ± Vi + BC 

When designing four-terminal networks, it is often 
necessary to express the current and voltage at the 
input side as a linear transformation of the current 
and voltage on the output side. For instance, with 
phased arrays we usually know what is wanted on 
the output side. What we need to know is the current 
and voltage required on the input side to produce 
those specific output conditions. Rearranging eq. 5, 
we can state several useful relationships. If each 
equation is divided by I 0 we have: 

£,//„ = (AE 0 /I 0 ) + B 
and /,■//„ = (CE 0 /I 0 ) + D 

E 0 /I 0 describes an external load which I will call Z a . (I 
have chosen to use the subscript V to avoid confu¬ 
sion with the commonly used V which refers to a 
transmission line characteristic impedance.) 

If the first of the above equations is divided by the 
second, and Z a substituted for E„/I 0 , we obtain: 

£,//, = Z n = (AZ a + B)/(CZ a + D) (8) 

which defines the input impedance of the network in 
terms of the output load z a and the parameters of a 
network. 


This leads to additional useful relationships: 


E 0 /Ei 

= Z a /(AZ a 

+ B) 

(9) 

I 0 /E t 

= l/(AZ a 

+ B) 

(10) 

1„/Ii 

= i/(cz a 

+ D) 

(11) 

Ii = 

-- I 0 (CZ a + 

D) 

(12) 

E, = 

= I 0 (AZ a + 

B) 

(13) 


If we know the input impedance and want to cal¬ 
culate the load impedance: 

Z a = (DZ in - B)/(A - CZ,J (14) 

If the matrices of the fundamental types of four- 
terminal networks are known, along with the input or 
output impedance, all other network characteristics 
can be computed.. Notice the recurrence of the terms 
AZ a + B and CZ a + D in the above relationships. If 
we program only these two calculations, we have 
substantially reduced the tedium of network calcula¬ 
tions. (Most scientific calculators include the func¬ 
tions rectangular-to-polar and polar-to-rectangular, 
which takes care of most of the rest of the computa¬ 
tions.*) Notice also that the ABCD parameters define 
the network operating characteristics, independent 
of the type of network. Therefore, if a length of coax 
and a ir circuit or a Tee circuit have identical parame¬ 
ter values, the circuits will be exactly equivalent 
(even though the equations for calculating the pa¬ 
rameters are different for each of these network 
types). Though not all types of networks may be 
transformed from one form to another, it is true often 
enough not to ignore the possibility. If true, use it to 
simplify your design. 

Part 4 showed the basic building block four-termi¬ 
nal networks most useful to design of the drive net¬ 
works for phased arrays. Presented in table 1 are the 
parameter equations for each of those circuits, using 
the same notation. Note that this discussion is con¬ 
fined to the lossless case, since for low band fre¬ 
quencies losses are usually negligible. In the more 
general case, the procedure is still valid with loss 
terms introduced. However, it's not needed in this 
discussion. 

using the ABCD parameters 

Example calculations, which usually improve un¬ 
derstanding, also help illustrate the versatility of 
matrix methods. I will first show the relatively simple 
case of a quarter-wave transformer and then proceed 
to design a real network for a 2-element array. 


•For those familiar with Hewlett-Packard calculators and RPN, an SASE to 
the author will bring a 98-step program developed for the HP-19C which 
can calculate eqs. 8 through 13 using complex algebra. Translation for 
other programmable H-P calculators should not be difficult. 
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The electrical length of a quarter-wave transformer 
is 90 degrees. If we are not interested in circuit com¬ 
ponents values, we do not need to know the fre¬ 
quency. What is required is the angular length and 
the characteristic impedance of the circuit. "Electri¬ 
cal length" (in any units of length) is always defined 
as the length under matched load conditions. But 
this does not imply that the current or voltage phase 
displacement at other than matched conditions is 
necessarily equal to the electrical length of the cir¬ 
cuit. 3 The quarter-wave transformer is an exception; 
this consequently accounts for its great utility. As 
long as the load is a pure resistance, the current and 
voltage phase displacement is 90 degrees even 
though not matched. If our transformer is made from 
a 50-ohm transmission line, it has the following 
ABCD parameters: 

A = cos 90° + jO = 0 + jO 
B = 0 + pOsin 90° = 0 + pO 
C= 0+ ( y ) = 0 + jO.02 

D = cos 90° + jO = 0 + jO 
Assume that the load is a pure resistance of 35 + jO: 
AZ„ + B = 0 + po 
CZ a + D = 0 + j0.7 

and Z in = (AZ a + B)/(CZ a + D) 

= 71.4285 + jOohms 

Though we already know the current phase displace¬ 
ment, we can also determine the current amplitude 
ratio, a factor often required in antenna array calcula¬ 
tions: 


I„/Ii = l/(CZ a + D) = 1.4285 /- 90° 
Assuming the load current, to be 1 + jO, the in¬ 
put voltage is £, = /„ (AZ a + B) = 50 /90° . 
another value often needed in array network design. 

In short, with eqs. 8 through 13, (in some cases 
assuming values for output current or voltage), we 
can find any of the input conditions using the ABCD 
parameters of the circuit. 

Suppose we had chosen a k network for our quar¬ 
ter-wave transformer. If we use a reversible ic circuit 
designed to be coax-equivalent we know that 1 

Xt = Xj = - (Z„ sin 6)/(1 - cos 8) 

and X 2 = 7, 0 sin 8 



should expect to find the parameter values to be 
identical even though calculated differently. 

0 +j 50 sin 90° -j 50sin 9 ?° a 

A = - -— co -° = 0 + iO 

0 - i ^0 sin 90° 

J l - cos 90° 


B = 0 + pOsin 90° = 0 + pO 



0 + jO 


where Z 0 and 6 is defined the same way as it is for 
coax. As already indicated, the ABCD parameters 
define the circuit characteristics. Since the circuit 
characteristics are supposed to be the same, we 


Since the ABCD (parameter) values are identical, all 
other circuit relationships will be identical also. A 
similar parameter computation can be carried out 
with the coax-equivalent Tee circuit where 1 
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X 2 = - Z 0 /sm 8 and X / = X, = Z 0 

Again the ABCD parameter values will be identical to 
the first two cases, though their computation re¬ 
quires yet another set of equations from table 1, 

For the specific quarter-wavelength example we 
did not have to perform all these calculations to find 
the input impedance. We know all we need to know 
from the quarter-wavelength relationship, 

Z 0 = 


but when examining a new procedure it is always re¬ 
assuring to be able to verify it with a more familiar 
one. Even for this example, we would not be able to 
calculate voltage or current input conditions quite so 
easily if the load were reactive. Best of all, matrix 
methods are applicable to any circuit without restric¬ 
tions placed on electrical length. To illustrate this 
point, let's design a no-compromise feed network for 
a 2-element vertical phased array. Assuming direc¬ 
tional switchability is desired, physical symmetry will 
dictate equal length element feeders. However, 
these need only be long enough to meet at a central 
switching point in the array. At a design frequency of 
3.8 MHz, the array in this example has the following 
characteristics: 

Equal amplitude current drive with a 90° phase dis¬ 
placement between elements. The elements are 
quarter-wave spaced and quarter-wave resonant. 

From part 3 of this series 4 the driving-point impe¬ 
dances are: 

Zj = 21.4 - jl5for element 1 
Z 2 — 51.4 + jl5 for element 3 

Note: These impedances are for elements with an extensive ground plane. 

At 3.8 MHz the element spacing is 64.71 feet. Al¬ 
lowing for some variation in placement of the switch¬ 
ing relays and feed network, each feeder is arbitrarily 
cut to 34 feet. Assuming a line characteristic impe¬ 
dance, Z 0 , of 50 ohms and velocity factor of 0.66 the 
electrical length of the feeders is 71.65°. The drive 
network will be matched to a 50-ohm line. 

For a matched array we must first determine the 
resistance loads each network chain presents to the 
shack line. Assuming 1 ampere flowing into each ele¬ 
ment, the total power going to the array is the sum of 
l 2 R inputs, or 

21.4*12 + (31.4) • l 2 = 72.8watts 


table 2. Input conditions and ABCD parameters at each 
circuit junction with 1 ampere flowing into each ele- 

ment. 


element 1 

element 2 

Z, = 21.4 - j15 

Z 2 = 51.4 + jl 5 

E, = 26.134 L -35.028° 

E 2 = 53.544/-73.731° 

1, = 1/0f 

l 2 = 1 / -90° 

71.65° coax 

71.65° coax 

A = 0.3148 + jO 

A = 0.3148 + jO 

B = 0 + j47.458 

B = 0 + (47.458 

C = 0 + jO.01898 

C = 0 + jO.01898 

D = 0.3148 + jO 

D * 0.3148 + jO 

AZ, + B = 6.7372 + (42.7351 

AZ, + B = 16.1819 + j52.1798 

CZ a + D = 0.5995 + j0.4062 

CZ a + D = 0.0300 + j0.9757 

Z, - 40.7999 + (43.6326 

Z 2 = 54.9379 - (14.9217 

E, = 43.2629 /8T0410° 

E 2 = 54.6314 /. 17.2296° 

1, = 0.7242 /34.1195 0 

l 2 = 0.9761 ^-.17656° 

shunt L match Heading) 

shunt L-match (lagging) 

A = 1 + jO 

A = 1 + (0 

B = 0 - (116.2630 

B = 0 + (45.0951 

C = 0 - j0.01047 

C = 0 + (0.0079 

D = -0.21678 + jO 

D = 0.64378 + (0 

A2 3 + B = 40.7999 - (72.6303 

AZ, + B = 53.9379 + (30.1733 

CZ a + D - 0.2398 - j0.4270 

CZ, + D = 0.7616 + (0.4260 

Z, - 170.0934 + jO 

Z 2 = 70.8171 + jO 

E, = 60.3324 / - 26.5554° 

E 2 = 60.3324/27.4573° 

1, = 0.3547 / -26.5554° 

l 2 • 0.8519 /27.4573° 

pi circuit (lag 54.0126°) 

A - 0.5876 + (0 

B = 0 + (137.6306 

C = 0 + (0.004767 

D = 0.5876 + (0 

AZ a + B = 99.9479 + (137.6303 
CZ a + D = 0.5876 + (0.8091 


Z, = 170.0934 + (0 

E, = 60 3324/27 4572° 

1, = 0,3547 07 4572° 


The voltage at the common connection of the 
array for matched conditions, i.e., a 50 ohm load, is 

E = s/RW = -J(30)(72.8) 

= 60.3324 volts. Since 

the element networks will be transformed individually 
to pure resistances whose paralleled value is 50 

ohms, we must find the 

individual values. Going 

back to the resistive components of each driving- 
point impedance (and knowing the array's impressed 
voltage amplitude when correctly driven), we can de¬ 
termine what these resistive loads must be. Using the 
relationship R = E/W, these transformed loads are 

respectively: 


(60.3324)2/21.4 70.0935 ohms, element 1* 

(60.3324)2/51.4 = 70.8171 ohms, element 2 


"Check whether these resistances when paralleled equal 50 ohms. 
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As recommended in part 4, the simplest network 
often results if the drive network for the -90° 
phased element establishes the voltage amplitude 
and phase for the array common connection. Pro¬ 
ceeding on that basis we will design the network for 
element 2 first. We need to transform the driving- 
point impedance of this element to the input end of 
its coax feeder and to determine the input voltage 
and current that must exist there. Table 2 lists the in¬ 
put conditions for each element at each junction 
point and the ABCD parameters for each circuit. For 
simplicity, 1 ampere is assumed to be flowing into 
each element. 

The design procedure for the lumped-constant 
part of the network transforms element 2 driving- 
point impedance, as seen at the input to its coax 
feeder, to the resistive load required, using a lagging 
phase shunt L-match. (The design equations for all 
discussed circuits are found in part 4.) This fixes the 
voltage amplitude and phase required for the array. 
Element 1 driving-point impedance, as seen at the in¬ 
put to its coax feeder, is transformed, with a leading 
phase shunt L-match, to the resistive load required 
for this chain. At the input to this L-match, the volt¬ 
age amplitude is correct but the phase displacement 
has overshot the objective. (L-match circuits can be 
designed to produce either a specific resistive input 
or a specific phase displacement — not both.) The 
solution is to add a lagging 7r coax-equivalent circuit 
with a characteristic impedance of 170.0935 ohms 
and an electrical length equal to the difference be¬ 
tween the phase angle existing at the input to this L- 
match (-26.5554°) and the angle required at the 
common connection point (27.4572°). This differ¬ 
ence, i.e., the total angular displacement between 
these two vectors, is 54.0126°. This phase correction 
circuit can be thought of as though we had somehow 
magically obtained approximately 26 feet of coax 
delay line having a characteristic impedance of 170 
ohms. When doing chained network calculations, 
don't forget that Z a (output load) for the circuit being 
computed is the input impedance of the preceding 
junction (looking towards the load). For example, 
when transforming the element driving-point impe¬ 
dance to the input end of its feeder, then the output 
load, Z a , is the element's driving-point impedance. 
But when computing input/output relations for the 
succeeding L-match circuit, Z a is now the impedance 
seen at the input end of the transmission line feeder, 
and so on. 

final 2-element network design 

The resulting design for the feed network of this 
array requires three inductances and four capaci¬ 



tances as seen in fig. 2. The component values are 
quite realizable. Evaluation of network designs is ad¬ 
mittedly somewhat subjective. It is conditioned by 
the number of individual network circuits required, 
circuit component values (e.g., at 3.8 MHz lossless 
air core series arm inductances greater than 10 ftH 
become physically large; shunt arm capacitance 
values less than 50 pF require more rigorous assess¬ 
ment of the unavoidable stray circuit capacitances). 
Should awkward values of components result from a 
particular design, it is often possible that using a dif¬ 
ferent element to establish the voltage amplitude and 
phase at the array common connection point results 
in more physically realizable components. 

In a concluding article of this series I will discuss 
practical array and feed network construction and 
measurements. 

This information, gleaned during the various 
phases of the development of my vertical phased 
arrays, should help the reader convert the theory pre¬ 
sented on these pages into an actual physical struc¬ 
ture — an antenna array that works the way it was 
designed to work. 
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lightning and electrical 

transient protection 


A variety of devices 
safeguard delicate 
electronic circuitry 

It’s a summer afternoon; the air feels heavy, 
dense. Towering gray-black cumulonimbus clouds 
advance across the sky. Suddenly lightning knifes 
from cloud to ground, filling the air with thunder. 
Bolts leap from cloud to cloud, cloud to ground, and 
from top to bottom within individual clouds. Rain 
pours down and then, almost as abruptly as it began, 
the thunderstorm disappears. 

Snug at home, a ham fires up his rig to keep a 
schedule on 20 meters. He's running a few minutes 
late, but that's better than operating in the middle of 
an electrical storm. To his dismay, he discovers that 
his radio can't transceive any more. It sits dead, emit¬ 
ting a quiet hiss on every band. 

Unknown to our ham, his rig gave up the ghost 
five minutes before he turned on the power. The FET 
in the receiver front-end had its gate destroyed by a 
lightning-induced static discharge. 

Every year, hundreds of hams have the same un¬ 
fortunate, unnecessary experience. All radio equip¬ 
ment can be protected, easily and inexpensively, but 
before we can give our rigs complete protection, we 
must first understand the causes and nature of static 
discharges. 

Thunderstorms develop when warm, moist air is 
forced to rise. This may be triggered by the meeting 
of warm and cold air masses, which is especially 
common in the Midwest and along the Gulf Coast 
and Eastern seaboard. Or it may be induced by ter¬ 
rain, as frequently happens in the mountainous 
West. Thunderstorms are most likely to occur in 
those areas favored by frontal development or terrain 
or both, as shown in fig. 1. 


For whatever reason, rising air begins cloud for¬ 
mation at lifting condensation level where its 
temperature drops below the dew point. The larger 
the temperature differential between the surrounding 
atmosphere and the rising column of air, the greater 
the speed and violence of development. 

An average cumulonimbus cell will reach upward 6 
miles (9.7 km) and develop vertical air drafts with 
velocities of 15 feet per second. Violent cells may rise 
to 60,000 feet and create intense drafts with speeds 
over 200 feet per second. 

After the formation of ice crystals, a charge 
separation occurs within the cloud. The top of the 
cloud becomes positive; the underside, negative. 
The reasons for this separation are varied: frictional 
contact, melting, freezing, inductive charge transfer, 
water drop breakup, ion attachment. These mechan¬ 
isms may operate independently or together and turn 
the cloud into a giant static electricity generator. 

The development of extreme potential differences 
within the cloud leads to atmospheric breakdown 
and electrical conduction. Lightning strokes begin 
within the cloud and often between clouds. While 
nine out of ten discharges during thunderstorms are 
of this type, it's that remaining ten percent that are of 
primary concern to us. 

lightning development 

Development of a ground stroke follows a definite 
sequence: first, a faintly luminous tendril descends 
from the cloud base. This is the stepped leader. A 
stepped leader moves downward in jerky spurts of 
150 feet (45.7 meters) at speeds of 75 miles (120 km) 
per second. It may branch out, with a new fork occur¬ 
ring at one of its hesitation points. When this leader 
is within 100 feet (30.5 meters) of the ground, the 
local electrical field becomes strong enough to in¬ 
itiate discharge from the ground. This ground 
streamer moves upward in a forked pattern. With the 
connection of the stepped leader and ground 
streamer, a heavy current (typically 20,000 amperes) 

By Bradley Wells, KR7L, 5053 37th Avenue 
SW, Seattle, Washington 98126 
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flows from the ground to the cloud at a speed of 
60,000 miles (97,000 km) per second. This return 
stroke produces the lightning flash that we observe. 

Approximately 50 milliseconds after the return 
stroke, another tendril of luminosity descends from 
the cloud base. This is the dart leader, and it 
traverses the same channel followed by the return 
stroke. Its ground contact triggers a second return 
stroke of slightly less power than the first. Most 
cloud-to*ground discharges consist of three or four 
return strokes, each successively penetrating farther 
into the cloud to tap new charge accumulations. 

The quantity of energy in an average lightning 
stroke can approach 1,000,000,000 joules. It trans¬ 
fers some 10 coulombs of charge across a potential 
difference of 100 million volts. This release of energy 
in less than 300 microseconds is equivalent to many 
megawatts of power. While lightning strokes are nor¬ 
mally measured in thousands of feet, horizontal 
strokes up to 100 miles (161 km) in length have been 
observed. Similarly, voltages also vary, and potential 
differences of as high as one billion volts have been 
recorded. The sudden energy release of these light¬ 
ning strokes can generate intense electrostatic and 
electromagnetic fields miles away from their origin. 

lightning protection 

Several steps are involved in protecting electronic 
equipment from lightning-induced static discharge. 
The first rule is to bond all metal objects to a ground 
system in order to provide a low resistance, high ca¬ 
pacity reservoir for soaking up static charges. Pay 
particular attention to your tower since it will act just 
like a giant lightning rod: clean and lubricate all joints 
with conductive grease, then tie the tower to your 


ground system with heavy copper or aluminum wire. 
Simply having the tower base in the earth is no guar¬ 
antee of a good efecticaf ground. (Commercial radio 
towers use wide copper straps run in several direc¬ 
tions for some distance to secure a good ground.) 
Properly grounded, a tower located close to the 
house can provide a degree of protection for the 
dwelling and occupants against lightning damage. 

The often-repeated suggestion to disconnect an¬ 
tennas during a storm is still good advice. The prob¬ 
lem, however, is that the operator may not be home 
to make this disconnection, or that the storm may be 
several miles away and out of sight, (see “10 GHz 
Weather Radar", ham radio, September, p. 61, for 
discussion of a method for detecting nearby thunder¬ 
storm activity.) Generally, by the time a ham thinks 
to unhook the coax, the damage is done. 

other hazards 

Several other sources of static electricity are com¬ 
mon and may severely damage equipment. High 
winds, especially under conditions of very low 
humidity, can cause static in much the same manner 
as does dragging your feet over a carpet. Blowing 
powder snow may also cause static build-up on ex¬ 
posed metal surfaces. 

Conventional lightning arrestors offer little pro¬ 
tection for modern equipment because most of us 
operate with solid-state rigs; older tube-type radios 
were far more forgiving of static buildup than transis¬ 
tors or field-effect devices. Many tubes could actu¬ 
ally arc over with minimal damage to either the tube 
or related components — but not modern transistors 
or, in particular, FETs. MOSFETs, particularly those 
without gate protection, can be irrevocably damaged 
by simply picking them up. Solid-state devices can¬ 
not tolerate any type of overvoltage on their base or 
gates, for even a microsecond, without sustaining 
damage. This damage may be total, in which case 
the receiver is dead; or it may be partial, leaving the 
operator thinking that propagation just isn't what it 
used to be. 

Air gap lightning arrestors fail to protect equip¬ 
ment because the characteristics that determine their 
firing ability vary with both the air pressure and 
humidity of the environment. Under optimal con- 
ditons their response time is far too slow; even when 
these devices do fire, they retain a high enough 
voltage across the gap to damage sensitive equip¬ 
ment. Normally, 3 to 5 kilovolts is required to trigger 
the spark gap and when operating will still leave a 
50-80 volt potential at the antenna terminal. 

What we need is a device that will fire within 
nanoseconds and clip off high voltage spikes effec¬ 
tively. Two such devices are shown in fig. 2. Unlike 
conventional air gaps, these lightning protectors util- 
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ize a hermetically sealed tube filled with Krypton 85, 
a gas of known breakdown characteristics. Since 
these devices are sealed, they remain unaffected by 
changes in humidity or atmospheric pressure. The 
tube design is such that their firing properties remain 
constant under all conditions. The gas conducts very 
effectively and reduces the voltage to values safe for 
solid-state devices. The typical firing speed is 100 
nanoseconds and conduction begins at 750 volts for 
transient pulses. 

Unlike old-style lightning arrestors, both of these 
mechanisms shunt the static electricity directly to 
ground rather than to the receiver chassis. Bypassing 
the receiver in this manner prevents the chassis 
potential from being raised to several thousand volts 
above ground level. 

powerline transients 

Receivers and transceivers can also be ruined by 
the effects of voltage transients coming in through 
the back end via the AC mains. Just as lightning can 
induce currents in the antenna system, it can also in¬ 
duce voltages in nearby power lines. These tran¬ 
sients, running up to thousands of volts, can damage 
power supplies and internal components. 

A lightning return stroke generates an intense RF 
field over a range of frequencies from kilohertz to 
Gigahertz. Most of the energy is centered around a 
frequency of 5 kHz, which makes long power lines 


very effective antennas. Since a lightning strike can 
generate electric fields of 60-80 volts per meter at 
distances of a mile or more, voltage transients of 
kilovolt magnitude can easily show up on power 
lines. 

A second type of transient is created by a short cir¬ 
cuit in the power distribution system. This may hap¬ 
pen any number of times during the year, depending 
on where you live and how well the local power com¬ 
pany maintains the system. The clearing of a short 
circuit is effected by blowing a fuse or, more com¬ 
monly, by tripping a circuit breaker. This abrupt ter¬ 
mination of current induces a high voltage transient 
on the power lines from the collapsing magnetic field 
of the power distribution transformers. Spikes of up 
to 6000 volts for periods of 5 to 10 microseconds are 
not uncommon, as shown in fig. 3. 

Another source of voltage transients is inductive 
load switching of motors associated with furnaces, 
washing machines, and other appliances. When the 
current flow through motor windings is terminated, 
the magnetic field collapses and induces a reverse 
voltage of such magnitude that it may jump across 
the switch contacts to the power mains. Once an arc 
is established across the switch contacts, current 
flow continues to oscillate back and forth until there 
is insufficient energy to maintain the arc. 

The problem of protecting your equipment against 
these transient voltages is further complicated by 
mode of transmission to the equipment. These 



© 

fig. 3. High voltage transients can occur on household 
117 volt lines when a short circuit is cleared. (3A) shows 
circuit condition conducive to transient generation; 
(3B), current and voltage waveforms of spike. 
(Adapted from QS7". February. 1982.) 
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fig. 5. Specially-designed terminal strips available from 
Drake and other manufacturers offer protection from 
power line spikes and transients. 


pulses can exist between individual lines or between 
lines and ground in the house wiring. A further com¬ 
plication is the inherent capacitance of the house wir¬ 
ing which allows these transients to move from one 
wire to another. 

transient protection devices 

Several devices that will protect equipment from 
these damaging voltage transients are available. The 
General Electric Home Lightning Protector, for ex¬ 
ample, is built to protect electrical devices within the 
home from lightning-induced voltage transients. De¬ 
signed for mounting in either the service entrance 
box or the weatherhead for the incoming AC mains, 
it intercepts the transients before they enter the 
house wiring. 

The metal-oxide varistor (MOV), also manufac¬ 
tured by General Electric, exhibits a resistance that is 
inversely proportional to the applied voltage. It is a 
non-polarized device for installation between wires or 
from wires to ground as shown in fig. 4. MOVs are 
built to respond to transients in nanoseconds and 
have clamping voltages ranging from 10 to 1500 
volts. Most have continuous power ratings of 1/2 to 
5 watts with peak dissipation of over 600 joules of 
energy. These may be installed in service entrances 
or within the equipment itself. 

General Semiconductor Industries manufactures 
the TransZorb, a semiconductor device with a large 
PN junction for transient protection. TransZorbs are 
capable of handling very high power levels for short 
periods of time (100,000 watts for 100 nanoseconds). 

Both TransZorbs and MOVs look like oversized 
disc ceramic capacitors and may be installed with the 
electronic equipment or more easily at the back of an 
AC receptacle (after switching off the circuit breaker 
at the service panel). 

Alpha Delta, Drake, and others sell terminal strips 


with built-in protective devices (fig. 5). These may 
be purchased in various configurations depending 
upon the number of outlets desired. Radio Shack 
markets the Voltage Spike Protector for single-plug 
protection. It resembles an oversize AC plug and 
contains a GE MOV wired across the AC line. It can 
clamp a 435 volt, 50 ampere, 20 micro-second surge 
and is the least expensive of the commercially made 
units. 

A list of manufacturers and distributors of light¬ 
ning protection devices is provided in table 1. Unfor¬ 
tunately, none of these devices will protect your val¬ 
uable equipment against a direct lightning strike. The 
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old rule is still the best: during an overhead electrical 
storm, disconnect all antennas and unplug all equip¬ 
ment. And don't forget that the potential for static 
damage exists at any time; take appropriate protec¬ 
tive measures. Much static damage is not immediate¬ 
ly apparent, and it would be a shame to discover that 
your poor reception is not due to the decline in the 
sunspot cycle. 
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ham radio 


TECHNIQUES ' 


intermodulation distortion 

Ham radio equipment has come a 
long way in the last ten years. All you 
have to do is to pick up a ten-year-old 
copy of ham radio and compare the 
articles and advertisements of yester¬ 
day with those of today. 

One of the interesting develop¬ 
ments that has taken place during 
this decade is the gradual improve¬ 
ment in linearity and the reduction of 
intermodulation distortion. These im¬ 
provements are particularly noticea¬ 
ble in some of the new transceivers 
and exciters available today. But be¬ 
fore I discuss the improvements, it 
would be a good idea to review the 
fundamentals of intermodulation dis¬ 
tortion (IMD) and its importance in 
HF communications. 

Intermodulation distortion is a par¬ 
ticularly unpleasant form of nonline¬ 
arity that should be of interest to 
those operators using linear ampli¬ 
fiers (either in their exciters or as an 
auxiliary unit). IMD occurs in a non¬ 
linear device driven by a complex sig¬ 
nal having more than one frequency. 12 

As speech is made up of a multi¬ 
tude of frequencies, and the perfect 
linear amplifier has yet to be built, 



IMD is of concern to every Amateur 
interested in voice or multiplex trans¬ 
mission. 

A linear amplifier is an amplifier in 
which the output signal is an exact 
replica of the input signal. If the out¬ 
put signal does not duplicate the in¬ 
put signal, intermodulation distortion 
is created. IMD shows up on the air 
as a "roughening" of the signal ac¬ 
companied by broad sidebands 


("splatter"). Some Amateurs who 
are acutely sensitive to IMD can ac¬ 
tually hear it as a growl on the low- 
frequency portions of voice transmis¬ 
sions and, in years past, could accu¬ 
rately identify the manufacturer of an 
SSB transmitter by merely listening 
to the signal on the air! 

Intermodulation distortion may be 
examined and the amplifier tested by 
use of a distortion analyzer (fig. 1). 
An input signal consisting of two 
sine waves of equal amplitude (for ex¬ 
ample, 2.001 MHz and 2.003 MHz) is 
applied to the amplifier. The distor¬ 
tion products in a nonlinear stage ap¬ 
pear as spurious signals within the 
passband of the amplifier and also at 
the harmonic frequencies, and the in¬ 
termodulation distortion, as addi¬ 
tional signals! In the example in fig. 
2, the IMD products are located 2 kHz 
apart and occupy the span of 1995 
kHz to 2009 kHz, or more. Thus, a 
signal that should be only 2 kHz wide 
is now 14 kHz wide, thanks to inter¬ 
modulation distortion (fig. 2). The 
situation can be worse than this as a 
greater degree of distortion produces 
additional spurious signals on each 
side of the two desired signals. 
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IMD is independent of the oper¬ 
ating frequency. If a 20-meter linear 
amplifier were tested for IMD at 
14.200 MHz using a two-tone test sig¬ 
nal whose tones were 2 kHz apart, 
IMD products would form a spectrum 
of signals, 2 kHz apart centered 
around 14.200 MHz. Photos of this 
type of distortion have appeared from 
time to time in product reviews. 

the IMD rating 

Intermodulation distortion is ex¬ 
pressed in relation to the output level 
of an amplifier. The standard method 
of specifying the magnitude of the 
distortion products is to specify the 
reduction in decibels of one distortion 
product from one tone of a two- 
equal-tone signal. For example, if an 
amplifier (or tube or transistor) under 
a particular set of operating condi¬ 
tions has third-order distortion prod¬ 
ucts of -30 dB, this means that the 
products have an amplitude 30 dB be¬ 
low one of the two test tones. It is not 
correct to compare one distortion 
product to the sum of the two tones; 
that is to say, the PEP value of the 
signal. If this is done, the resulting 
distortion figure is 6 dB “better'' than 
the correct example ( -30 dB rather 
than -24 dB). Unfortunately many 
product reviews and amplifier specifi¬ 
cations take advantage of this "one- 
upmanship" because the better fig¬ 
ure looks nicer in the advertisement! 

IMD then and now 

Has any improvement been made 
in the intermodulation distortion level 
of today's exciters and amplifiers, as 
compared to those products in 1973? 

I think there's been worthwhile im¬ 
provement as new devices and circuit 
techniques have been developed. 

Many early exciters used the so- 
called television "sweep tubes" as 
linear amplifiers. The popular 6LQ6 
tube is a good example. This pint-size 
"bottle" could squeeze out up to 125 
.watts PEP at a plate potential of only 
800 volts. It was an inexpensive and 
effective amplifier tube that attained 


wide acceptance in yesterday's 
equipment. Unfortunately, the third- 
order IMD products of the 6LQ6 
when run in this fashion were only 18 
dB below one tone of the two-tone 
power level. And if the signal from 
this amplifier were run through a sec¬ 
ond amplifier stage to bring it up to 
the legal Amateur power-input level. 



the IMD products would be brought 
up by 10 dB or so in addition to the 
wanted signal. The result would be a 
broad, fuzzy-sounding signal having 
about 15 watts of splatter power in 
the third-order distortion products. It 
may not sound like much, but 15 
watts of unwanted splatter on top of 
the signal you're trying to listen to 
can be intolerable. 

The equally popular 6146 (6146B) 
was designed for RF services (as op¬ 
posed to the 6LQ6), and it had much 
more appealing IMD ratings. At 800 
volts and 60 watts power output, the 
IMD products were 24 dB below one 
tone of a two-tone test signal. That's 
6 dB better than the 6LQ6, a worth¬ 
while improvement. 

The Collins Radio Company, now a 


division of Rockwell, pioneered the 
use of RF feedback to improve the 
linearity of an amplifier. It s use in the 
famous S-line transmitters provided 
an IMD level of better than -30 dB 
compared to one tone of a two-tone 
test signal. 

And there the matter rested for a 
while. Perceptive Amateurs could 
pick out the S-line transmitter on the 
air, as it sounded immeasurably bet¬ 
ter than other equipment that did not 
incorporate RF feedback. However, 
as solid-state amplifiers came into 
general use, they were able to dupli¬ 
cate the IMD level set by the S-line as 
they, too, used fairly linear devices 
and an RF feedback loop. Thus, over 
the years, the "30-dB level" became 
an unofficial standard for measuring 
the excellence (or lack thereof) of 
IMD in Amateur equipment. 

IMD today 

Things are looking up. While IMD 
levels of -50 to -60 dB may be 
common in deluxe commercial and 
military gear, such levels are prohibi¬ 
tively expensive and too complicated 
for the competitive Amateur market. 
Despite this, improvements in inter¬ 
modulation distortion in ham gear are 
here to stay. New solid-state devices 
skirt the -35 dB level with RF feed¬ 
back, and at least one Amateur trans¬ 
ceiver* has reached this favorable 
level using the common 6146B tube. 

This is a far cry from the old sweep- 
tube "distortion generator." An IMD 
level of -35 dB sounds clean to the 
ear, even when the equipment is be¬ 
ing run next door. Undoubtedly, sig¬ 
nificant improvements in IMD reduc¬ 
tion will come about in the next few 
years, and I look forward confidently 
to an IMD level of - 40 dB before the 
end of this decade. 

Unfortunately, the good IMD rat¬ 
ing of an exciter can be ruined quickly 


*The Yaesu FT-102 HF transceiver boasts three 6146s 
in the ouput stage. Excellent linearity {better than 
-35 dB) is achieved by combining a relatively high 
resting plate current level with RF feedback. 
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by the careless operator who oper¬ 
ates with "all knobs to the right." 
You hear plenty of these lids on the 
air today; will they be gone by 1990? I 
doubt it. 

HF communication lives! 

Remember the days when commu¬ 
nications specialists predicted the de¬ 
mise of HF radio for long-distance 
communications? Why put up with 
static, fading, and interference on an 
unreliable HF circuit when you can do 
so much better with a reliable satellite 
link? In effect, HF radio was dead and 
buried by new communications tech¬ 
niques in the microwave satellite 
range. But times change! An article in 
the June, 1983, Defense Systems Re¬ 
view magazine 3 says it this way: 

"Ten years ago it was thought that 
HF long distance communications for 
fleet operations would soon pass its 
heyday because of the capabilities of 
satellite communications. But the real 
vulnerability of satellite communica¬ 
tions to antisatellite attack and poten¬ 
tial propagation disruption with a nu¬ 
clear detonation combined with the 
improved real-time propagation 
measurement capability give HF com¬ 
munications a new lease on life. The 
fact that HF communication is rela¬ 
tively inexpensive, flexible, and its 
assets are in place should give rise to 
increased interest to improve HF ar¬ 
chitecture and capabilities, relatively 
neglected for far too long." 

Well, hurrahl The ionosphere has 
been rediscovered for long-distance 
communications as "a satellite that 
doesn't fall down." Spearheaded by 
the U.S. Navy (who started using HF 
communications in approximately 
1911), communicators are starting to 
re-examine the HF spectrum as an al¬ 
ternative to satellite circuits. 

CW lives, too! 

Did you see the full-page in the 
September issue of ham radio, placed 
by the Central Intelligence Agency, 
offering openings for electronics 
technicians and communications and 
radio operators with Morse Code abil¬ 
ity preferred! I wonder what the CIA 


thinks of FCC pressure to dilute Ama¬ 
teur Radio with no-code licensees? 

a simple antenna 
for 21-28-50 MHz 

Some new triband transceivers on 
the market cover only the 21-, 28-, 
and 50-MHz bands. A simple triband 
antenna for these ranges is shown in 
fig. 3. These dipoles are paralleled at 
the feedpoint and fed with a coaxial 
line. The dipoles are trimmed a bit to 
provide the lowest SWR figure at 
your chosen point in each band. A 
simple transmatch placed at the sta¬ 
tion end of the line may ease loading 
problems. 



moonbounce revisited! 

Another printing of the Moon- 
bounce Notes is at hand. Send four 
first-class stamps (or four IRCs) to me 
at EIMAC, 301 Industrial Way, San 
Carlos, California 94070 and I'll send 
this interesting information to you. 
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weekender- 


2-meter weather converter 


In New England 
they say, 
“If you don’t 
like the weather, 
wait a minute." 
NOM lets you know 
what to expect 



Because I sometimes enjoy listening to the VHF 
public service bands and the NOAA weather broad¬ 
casts at 162 MHz, I designed and built a simple con¬ 
verter to convert these frequencies to 2-meter FM for 
reception on my transceiver. 

The 162.40 MHz signal mixes with a 16 MHz local 
oscillator to produce a signal at 146.40 MHz. A typi¬ 
cal converter has four stages: the RF amplifier, mix¬ 
er, output filter, and local oscillator. Because a mixer 
is a multiplying device, it produces a signal at both 
the sum and difference of the input and the local os¬ 
cillator frequencies. Conversely, for given interme¬ 
diate and local oscillator frequencies, two input fre¬ 
quencies may be received. Tuned RF stages elimi¬ 
nate all but the desired frequencies. 

I chose a passive double balanced mixer (DBM) for 
this converter. It is an integrated component with a 
frequency response from DC to 500 MHz. I used a 
Mini Circuits Lab SRA-1 ($9.95, in small quantities) 
that requires oscillator injection of about +7 dBm (5 
mW) and has an inherent input impedance of 50 
ohms. If IF feedthrough is about -45dB and conver- 

By Ladimer S. Nagurney, WA3EEC, 73 

Blackberry Lane, Amherst, Massachusetts 

01002 


sion loss is 6 dB, it is ideal for mixers when close fre¬ 
quencies are used. 

The schematic diagram shown in fig. 1 is the com¬ 
plete circuit. The local oscillator uses a 2N2222 that 
delivers about +10 dBm, The primary of LI is se¬ 
lected to have a reactance of about 200 ohms at the 
crystal frequency. For example, at 15 MHz LI is 20 
turns on a T50-2 toroidal core. The secondary is 4 
turns. The combination of the fixed and variable ca¬ 
pacitors at the collector should resonate with LI. The 
emitter bypass capacitor should be about the same 
value but need not be adjustable. For 15 MHz, a 20 
pF fixed and 7-45 pF variable capacitor were used in 
the collector and a 39 pF fixed value capacitor was 
used in the emitter. I used a 14.62 MHz crystal from 
my junkbox and tuned my transceiver to 147.78 MHz 
in order to receive 162.40 MHz. 

The whole circuit was built on a small piece of PC 
board and mounted in a minibox. No pattern was 
etched on the board. The DBM was mounted by drill¬ 
ing a grid of eight holes at one end. A shield of PC 
material was used to separate the local oscillator 
from the IF and RF. The holes for the ungrounded 
pins of the DBM were drilled larger for clearance. A 
blue bead indicates pin 1 of the DBM. 

The local oscillator was built using isolated pad 
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techniques. An approximately 3/4-square inch piece 
of PC board was divided into four equal pads with a 
hacksaw to cut the foil. This was placed upon the 
groundplane on the same side as the side on which 
the DBM pins protrude. It is secured by the resistor 
and capacitor leads soldered between the various 
pads and ground. The local oscillator was tested be¬ 
fore the DBM was installed by attaching a 47-ohm re¬ 
sistor to the output capacitor as a load and using an 
oscilloscope to observe the signal. The output was 
clearly heard on my communications receiver. 

The IF output of the mixer utilizes the excellent se¬ 
lectivity capabilities of the front end of a typical 2 
meter Amateur transceiver. Since the input of the 
transceiver is matched to 50 ohms, no additional im¬ 
pedance matching was necessary. 

Note no RF filtering is used at the input. Because I 
could find no interfering signals near 133.16 MHz, I 
just connected the antenna directly to the input. If 
one wanted to eliminate this image, a highpass filter 
with a cutoff below 150 MHz could easily be added. 
Similarly, a lowpass filter could be used to eliminale 
the higher image if one wanted to copy a signal be¬ 
low the transceiver frequency. 

Even though the mixer exhibits some loss, I found 
it to be acceptable for local listening. As soon as 
power was applied, the Providence NOAA weather 
station was received with full quieting occurring. 
Either a 162 MHz preamp before or a 2-meter preamp 
after the converter could be used to eliminate con¬ 
version losses. 

If one were to choose a common repeater frequen¬ 
cy for the IF, a receiver tuned to the weather channel 
could copy it because of the reciprocity of the mixer. 

A note of caution: although DBMs are rugged, 
they will usually not withstand transmitter power 
levels. Also, the RF filtering in this simple converter is 
such that one might put out several signals if the unit 
were used for transmitting. 

ham radio 


SPECIAL OFFER 

ARRL LICENSE MANUAL — 

Latest Printing 

Slightly Damaged — Super Low Price 
— Limited Quantity 

Covers the latest FCC exams. The latest printing should be re¬ 
quired reading lor everyone studying lor the Technician. General. 
Advanced or Extra class license. This "grandfather" ol all study 
guides has been carefully researched and prepared to ensure 
that you are capable ol passing the Amateur exams. Every 
Amateur should have a copy as it also contains a complete set of 
the latest FCC Amateur Rules and Regulations ©1981. 
□AR-LG Was $4.00 Softbound $2.50 

Please enclose $1.00 for shipping and handling. 

Ham Radio’s Bookstore 

Greenville, NH 03048 
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DX 


FORECASTER 

earth stonehocKer, KORYW 


ray tracing 

If Santa were to bring you a ray 
tracer DX machine for Christmas, 
you'd have the ultimate DX fore¬ 
caster right in your home. 

Ray tracing between transmitter 
and receiver locations is possible; see 
this column in the October issue for a 
diagram showing a trans-equatorial 
ray path (signal) traced through the 
ionosphere to give one-long-hop 
propagation. 

Another example of ray tracing 
technique is to search the ionosphere 
between your transmitter and the 
DX QTH, varying the take-off angle, 
bearing and frequency. (A computer 
could quickly determine the best path 
to use and specify these three cor¬ 
responding parameters.) Ray tracing 
procedure consists of the following 
steps: 

1. Determine the electron (ion) den¬ 
sity at heights above the earth along 
the ray (signal) path using ionosonde, 
rocket, or satellite measurements. 

2. Generate ionospheric contours 
using the electron density versus 
height data. 

3. Trace the ray (path) through these 
contours starting from the transmit¬ 
ted signal. The changing refractive in¬ 
dices along the path determine a new 
ray direction. 

4. Follow the ray as it bends from one 
point to the next until it emerges from 
the ionosphere at an angle heading 
down to earth toward the receiver. 


All these steps are depicted in the 
diagram. 

Ray tracing is not commonly done 
because of the limited availability of 
electron density profiles around the 
world. Even if the profiles were 
available, a substantial computer 
would be needed for ionosonde data 
conversion and the electron density 
profiles storage. However, Radio 
Amateurs are now using more 
sophisticated computers, and 
ionospheric measurements can be 
made with SSB equipment; maybe 
someday you will be able to get a ray 
tracing machine for Christmas. 

iast-minute forecast 

December is one of the winter DX 
season months exhibiting low thun¬ 
derstorm QRN and low probability of 
geomagnetic disturbances or at least 
long quiet periods in between disturb¬ 
ances. However, this year in the 11- 
year sunspot cycle may see a few 
more disturbances than in other 
years. Expect disturbances around 
December 4, 14, 17, 22, and 27. If 
WWV is broadcasting a radio flux 
greater than 140, good trans-equa¬ 
torial openings might occur on 10-30 
meters. If the flux is lower than 140, 
expect disturbances to last longer 
and fades to occur on the lower 
bands on higher latitude east-west 
paths. 

An annular eclipse of the sun is to 
begin at 0941 UT in northeast North 
America, traveling across Iceland to 
England, Southern Europe, North 


Africa and ending in Southwest Asia 
at 1520 UT. The full moon is on the 
20th and perigee on the 22nd. Winter 
solstice is on the 22nd at 1030 UT. 

The Geminid meteor shower, 
which peaks on December 13 and 14, 
provides the richest and most reliable 
display of the year, with rates of 60 to 
70 meteors per hour (determined 
mainly by radio, because of the poor 
weather in December). Also, a 
smaller portion of the shower (15 to 
20 per hour) will be observed on 
December 22. 


band-by-band summary 

Ten, fifteen, twenty, and thirty 
meters will have DX openings from 
most areas of the world during 
daylight and into the evening almost 
every day. Long skip and one-long- 
hop trans-equatorial openings will 
occur in the early evening hours. 
These openings should occur during 
periods of disturbed geomagnetic 
field. Otherwise watch for high solar 
flux days for ten and fifteen meter 
openings. 

Thirty, forty, eighty, and one-sixty, 
meters are the night DXer's bands. 
Excellent extended periods of long 
skip, shorter than on the higher 
bands, will occur. Low noise and 
quiet geomagnetic conditions gener¬ 
ally result in pleasant operating this 
time of year. Happy Holidays, and 
lots of DX during the coming New 
Year! 

ham radio 
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KWM 380 external 
control circuit 

This unit will control external an¬ 
tenna switches or solid-state (relay- 
actuated) amplifiers from the mega¬ 
hertz BCD output signals from the 
KWM 380. It was built in an evening 
with wire wrapping techniques using 
1C sockets, parts, and boards avail¬ 
able at any Radio Shack or similar 
electronics outlet. 


The KWM 380 (fig. 1) powers the 
circuit and provides BCD information 
for both the ones and ten digits. 
When operation is below 10 MHz, 
both of the "tens" BCD outputs, rep¬ 
resenting 10 and 20 MHz, are high. 

The two 4028 IC's are BCD to deci¬ 
mal decoders. One handles the 
"ones" input information from the 
380; the other handles the "tens" in¬ 
put information. The output from 
these IC's labeled U3 and U4 go to 


common QUAD AND gates U1 and 
U2 which are 74LS08's. When both 
inputs of any one of the AND GATES 
are high, the output goes high. This 
output goes through a 4.7k resistor to 
the base of a 2N2222 transistor. 
When the base goes high, the transis¬ 
tor acts as a switch and completes 
the circuit to ground for the small re¬ 
lay which in turn actuates an antenna 
switch (or amplifier bandswitch). 

U1 and U2 pin 14 is at +5 volts, 
and pin 7 is at ground. Ula and Ulb 
have one input each tied to the deci¬ 
mal 3 output of BCD decoder U4. 
This is because the KWM 380 causes 
both interface pins 12 and 13 to go 
high (10's and 20's MHz info) when 
the radio is tuned to any MHz band 
below 10.000. Thus Ula, which 
closes the 3.5 MHz relay, reads 33 
MHz from the decoders, and Ulb 
reads 37 MHz to close the 7 MHz re¬ 
lay. U3 and U4 pin 16 is at +5 volts. 



fig. 1. External control circuit schematic for the KWM-380. 
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and pin 8 is grounded. Unused BCD 
inputs U4 pins 11 and 12 must be 
grounded to prevent instability. 

I recommend that the cable from 
the KWM 380 to the control unit be 
shielded to prevent EMI. The control 
circuit can be expanded to as many 
as 29 AND GATES if necessary to 
control the bandswitching systems 
required by some commercial solid- 
state amplifiers. Bypass capacitors of 
0.1 and 0.01 iiF should be added to 
the 5-volt and 12-volt lines to help re¬ 
duce RF problems that might occur 
under high power conditions. 

Bill Levy, WA2RUD 


regulator problem 
solved 

For years I had been building 12 
volt DC power supplies using the LM- 
340-K-12 and other three-legged de¬ 
vices without any apparent problems. 
But suddenly I started having prob¬ 
lems, and blew out a dozen of the de¬ 
vices, which the manufacturer 
swears is well protected and easy to 
use. 

I checked the input voltage to the 
regulator carefully; it was well below 
safe limits. The bypass capacitors 
were soldered close to the input and 


output leads, and I'd used a heatsink 
while soldering to the pins, but the 
things still blew out. 

I wrote to several manufacturers 
and finally received an answer. Most 
of the circuits shown in the hand¬ 
books and brochures don't show a 
safety diode placed across the unit 
from output to input. It seems that 
when the voltage is removed from the 
input, the output capacitor dis¬ 
charges through the regulator and 
damages it. The solution, suggested 
in fig. 1, seems to solve the problem. 

Ed Marriner, W6XM 


turns per inch 
from wire size 

Here's a nice little way of comput¬ 
ing the approximate number of turns 
per inch of enameled wire (of a tight¬ 
ly-wound single-layer coil) if you 
know the wire gauge. 

™ = (M + 5 ) 

where G is the wire gauge. 

It's easy to put into a computer. 

Dennis Mitchell, K8UR 



AMATEUR TELEVISION 



• OVER 10 WATTS PEP OUTPUT. Crystal controlled continuous 
duty transmitter. Specity 439.25,434.0.426.25 standard or other 
?o cm rrequency. 2 rreq. option add $26. 

• BASE, MOBILE, or PORTABLE. Use the builtin AC supply or 
external 13.8 vdc. Do parades. Marathons, etc. 

• TWO VIDEO AND AUDIO INPUTS for camera, TVRO, VCR, or 
computer. Wide bandwidth for broadcast quality color video and 
computer graphics. Standard broadcast subcarrier sound which is 
heard thru the TV speaker. 

• RECEIVE ON YOUR STANDARD TV SET tuned to channel 3 or 4. 
repeater Ireq. over the whole 420-450 mHz 70 cm amateur band. 

• ATTRACTIVE 10.5x3x9 CABINET. 


FCC & NASA OKs SHUTTLE VIDEO 

Want a chance at seeing W5LFL live as he works 2 meters? 

Its been great hearing the audio on the various repeaters, but 
now, if you hold a technician class or higher license, and have a 
TVRO capable of receiving Satcom IR transponder 13, you can 
repeat the space shuttle video to your fellow hams using ourTC-1 
plus. Just connect the composite video and line audio from the 
Satellite receiver to the video and audio inputs of the TC-i. 
Depending on your antenna, coverage will be typically the same as 
2 meter simplex. Local area hams can receive with just one of our 
70 CM downconverters and an antenna. 


ATV 70 cm DOWNCONVERTERS 


For those who want to see the repeated shuttle video, and other 
ATV action before they commit to a complete station, the TVC-4 is 
for you. The TVC-4 contains the TVC-2 module mounted in a 
cabinet with AC supply ready to go. Tunes 420 to 450 mHz. Just 
connect70cmantennaandyourTVsettunedtoch3or4 . 
delivered. f 

TVC-4L hotter preamp for fringe areas.. $99 delivered.! 


TVC-2 wired and tested module. Req. 12 vdc. MRF901 preamp 

stage. Varicap tuned 420-450 mHz. A low cost start at .S49. 

TVC-2L hotter NE64535 preamp stage.859 delivered. 

TVC-2G GaAsFet preamp stage. Antenna mounting. 879 


CALL OR WRITE FOR OUR CATALOG or more inlormation on 
ATVantennas, transmit modules, cameras, and much, much more. 

See chapter 14 pg 30-32 1983 ARRL Handbook. 

TERMS: Visa, Mastercard, or cash only UPS CODs by telephone or mail. 
Postal money orders and telephone orders usually shipped within 2 days. All 
other checks must clear before shipment. Transmitting equipment sold only 


(21 3) 447-4565 m-f 8am-6pm pst. 


P.C. ELECTRONICS 

Tom W60RG Maryann WB6YSS 


^ m 

2522 Paxson Lane 
Arcadia CA 91006 









LISTEN 
TO THIS! 


UL2M is a FM Transmitter 
that plugs Into the 
phone Jack of most H.F., 
V.H.F. and U.H.F. 
radios. You can now 
monitor your favorite T 
H.F., V.H.F. or U.H.F. 
frequency up to 100' 

£way using the UL2M and 
your H.T. 

The UL2M is a XTflL 
controlled F.M. 

transmitter built inside 
a standard 1/4" phone 
plug. The UL2M will 
transmit the audio from 
your H.F., V.H.F. or 
U.H.F. radio to your 
H.T. 

The UL2M requires your 
H.F., V.H.F or U.H.F. 
radio to have a 1/4" 
phone Jack and output 
impedance of 3.2, 8 or 
16 ohms. For radio 
having an 1/8" headphone 
Jack, use a 1/8" to 1/4" 
adaptor. 

When ordering specify 
operating frequency of 
your H.T. 


ONLY $24.95 j 



To order, send check or 
money order to: 

S and T Electronics 
1401 Rae Lane 
Madison, Wl 53711 
For C.O.D. order call 
Carol at 608/274-2599. 

satisfaction guaranteed or 
full refund. 




REVIEW 


Fluke Model 8026 
True RMS Multimeter 

My first experience with Fluke equipment 
came while I was stationed at Letterkenny 
Army Depot in Pennsylvania. Letterkenny is 
the prime repair center for the Nike Hercules 
and Hawk/Improved Hawk Missile Systems. 
Our repair and overhaul was a soup-to-nuts 
mission in that besides rebuilding the actual 
missiles themselves, we also overhauled all of 


the electronics systems. 
As a member of the Prc 


iction Engineering 
tvolved in the es- 


sponsible for the selection and recommenda¬ 
tion of test and production equipment. A num¬ 
ber of overhaul steps required specific pieces 
of test equipment to ensure that all test proce¬ 
dures were done in accordance with manufac¬ 
turers' specifications. This entailed establishing 
test and overhaul equipment lists that dupli¬ 
cated exactly what the systems' manufacturers 
used. This is where I first came into contact 
with Fluke equipment, which was specified be¬ 
cause of its high degree of design accuracy and 
dependability in a production environment. 

When the Fluke Model 8026B Multimeter 
came in to ham radio for review, I was quite in¬ 
terested to see how the unit compared to my 
memory of Fluke lab grade (read very expen¬ 
sive) test equipment. Needless to say, I wasn't 
disappointed. The Fluke Model 8026B is a 
handy, easy-to-use, digital multimeter. It is de¬ 
signed to test the following parameters: 

DC voltage 100/iV- 1000V 

AC voltage 100/.V-750V 

DC current 1 yA - 2000 mA 

AC current 1 yA - 2000 mA 

Resistance 0.1 ohm - 20 

megohm 

Diode test 

Conductance 0.1 ns - 200 ns 

0.001 ms - 2 ms 


Continuity 

It will also give true RMS AC measurement 
for signals up to 10 kHz. Each range has full 
auto-polarity operating, overrange indication 
and is protected from overloads. To ensure 



to scale and convert the input to an acceptable 
- 0.2 to +0.2 VDC that is presented to the a/d 

Tuning for the Model 8026 is derived from a 
precision quartz crystal whose frequency is a 
multiple of 60 Hz. This allows the conditioned 
DC input to be measured over an integral num¬ 
ber of power line cycles. 

Of significant interest is the 103-page 
owner's manual. It is well written and full of in¬ 
formation and goes far beyond owners' man¬ 
uals found in many other units. Full documen¬ 
tation includes specifications, operating and 
maintenance instructions, a discussion of its 
theory of operation, a list of replaceable parts, 
accessory information, and a schematic. 

As you would expect from a company such 
as Fluke, calibration is a simple process and 
can be obtained from any Fluke Technical Ser¬ 
vice Center for a small fee. With all that Fluke 
has provided, it is hard to believe that I was re¬ 
viewing a hand-held multimeter. The price of 
§219.99 may be a little expensive for the aver- 


only the very best or for the service technician 
who depends upon his equipment to perform 
without problems, I would highly recommend 
this or any other Fluke unit. For more informa¬ 
tion contact the John H. Fluke Mfg. Co., PO 
Box C9090, Everett, WA 98206. R.S.#302 

N1ACH 
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P.C. BOARDS FOR MOTOROLA BULLETINS 
F.B-18A - 12.00 AN-762 - 14.00 

EB-27A - 14.00 AN-791 - 10.00 

EB-63 - 14.00 EB-67 - 14.00 

KEMET CHIP CAPACITORS :56 pf, 82 pf, 
100 pf, 390 pf, 470 pf;50 ea 
680 pf, 1000 pf;55 ea 
5600 pf, 6800 pf, .1 uf;-1.00 ea 
.33 uf;-1.90 ea .68 uf;-3.90 ea 
13 uh, 4.7 uh, 10 uh - 1.20 ea 


BROADBAND TRANSFORMERS PER MOTOROLA BULLETINS :an-762, EB-27A, EB-63 
UNDERWOOD/SEMCO METAL-CLAD MICA CAPACITORS :5pf,lOpf,15 P f,25 P f,30pf, 
40pf,56pf,60pf,68pf,80pf,91pf,lOOpf,200pf,250pf,390pf,470pf,lOOOpf 
We also carry a line of VHF, UHF amplifiers and ATV equipment. 
Call or write for our free catalog. 

Communication Concepts Inc. 3 

2646 North Aragon Ave* Dayton, Ohio 45420»(513) 296-1411 e' 129 
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PB RADIO 

1950 E. Park Row Arlington, Texas 76010 

★ SPECIALIZING IN: * 

MDS Receivers & UHF Decoders 

MDS COMPLETE COMMERCIAL UNIT.$169.95 

30" DISH — COMPLETE SYSTEM.$249.95 

CRYSTAL CONTROL BOGDNER SYSTEM.$189.95 

UHF DECODERS: FV 3 INSTRUCTIONS.$5.00 

TV 3 BOARD $30.00 FV 3 1C CHIP KIT $35.00 

POWER SUPPLY KIT.$24.95 

EDGE CONNECTORS.$2.95 


SATELLITE T.V. SYSTEMS: PRODELIN DISHES, DRAKE 
RECEIVERS, LNA’S & CHAPARRAL P0L0R0T0RS. SEND 
$1.00 FOR MORE INFORMATION. 


INFORMATION CALL 
ORDERS ONLY CALL 


ESS ee m 


pocket oscilloscope 


RF PRODUCTS 

P.O. Box 33. Rockledge, FL 32955. U.S.A. (305) 6310775 


DIRECTION FINDING? 


★ Doppler Direction 
Finding 

★ No Receiver Mods 

★ Mobile or Fixed 

★ Kits or 
Assembled Units 

★ 135-165 MHz 
Standard Range 



★ Circular LED 
Display" 

★ Optional Digital 
Display 

★ Optional Serial 
Interface 

★ 12 VDC Operation 

★ 90 Day Warranty 


New Technology (patent pending) converts any VHF FM receiver into an advanced 
Doppler Direction Finder. Simply plug into receiver's antenna and external speaker 
jacks. Use any four omnidirectional antennas. Low noise, high sensitivity for weak 
signal detection. Kitsfrom $270. Assembled units and antennas also available. Call or 
write for full details and prices. 

H DOPPLER SYSTEMS, (602) " 8 ' 1151 























the signal rather than the analog value seen on 
conventional scopes. The Pocket-O-Scope's 
digital display provides a definite value for am¬ 
plitude and its intra-relationship with real time/ 
degrees. No judgment is required. 

The Pocket-O-Scope, including carrying 
case, AC adapter, standard and high voltage 
probes and 200-page training manual, is being 
introduced for under $250. The scope only with 
standard probes will be available for $179.95. 

For further information, contact Calvert In¬ 
struments, 19851 Ingersoll Drive, Cleveland, 
Ohio 44116. RS#303 
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parator> < Bridge measures component t 
pation and is accurate to 0.25 percent of r 
ing. A built-in comparator allows simultan 
sorting for high and low tolerances, and t 


The Model 520 may be easily calibrated by 
the user without any standard components, 
and has an internally adjustable. 0 to 10 VDC, 
capacitor bias voltage. Measurement frequen¬ 
cies of 120 Hz or 1 kHz are automatically select¬ 
ed. The instrument autoranges over unusually 
large measurement range from 199.9 pF/fiH 
full scale to 1999 /iF/H full scale. A range-hold 
feature permits fast, repetitive, true 4-terminal 
measurements. A full refund within thirty days 
is available if the instrument is found unsatis¬ 
factory for any reason. The Compara¬ 
tor > < Bridge sells for $785.00. 

For more information, contact Cambridge 
Technology, Inc., 2464 Massachusetts 
Avenue, Cambridge, Massachusetts 02140. 
RS#306 


new amplifier 

Several new amplifiers are available from 
Henry Radio. The 2002A, a new version of the 
popular 2002 2-meter amplifier, uses the new 
Eimac 3CX800A7 power triode. The RF chassis 


AT LAST A MINIATURE 
BASE STATION AT A 
MINIATURE PRICE... 

The MX-15 is a 15-meter band SSB/CW hand-held transceiver. It 
measures only W (D) x 2W (H) and offers 300rnW for SSB 
and CW operation. A single-conversion receiver employing a 
MOS/FET fronl-end offers clear and sensitive reception. As a 
base or portable station, Ihe MX-15 offers an unlimited challenge 
in QRP operation. Addilional accessories are available to extend 
your operation. 

The MX-15 comes with full 90 day warranty and is available 
from factory direct or HENRY RADIO (800) 421-6631 


$129.95 


ACCESSORIES SUPPLIED 

> Standard Frequency crystal of your choice 

> 6 pc. AAA Batteries 
• DC Cable 

> Instruction sheet 

ACCESSORIES AVAILABLE 

■ MX Channel crystal_(Standard Frequency) 

■ MS-1 External Speaker-Microphone 

■ Noise Blanker Kit 

■ NB-1 Side Tone Kit 

i SP-15 Telescoping antenna 
i 2M2 DC-DC Converter set 

> PR-1 Mobile Rack Kit 

i VX-15 External VXO (one crystal supplied) 
i PL-15 10W Linear amplifier , 

















PARTNER WANTED 


Effective Sales 
Producer Needed 
by 

New Ham Radio 
Equipment Maker 

We need you to set up and 
monitor a dealer network, 
and generally promote the 
product. Initial four VHF 
power amplifiers will be 
followed, in a few months, 
by additional products. 
We'll convince you we can 
ship viable products. You 
convince us you will make 
us successful. 

Our initial thoughts are: 

• Age (high or low), sex, 
race, etc. not important. 
Ability is. 

• You will be a partner. 

No initial investment. 
Your income depends on 
sales. 

• You must be a ham. 

• In this electronic world 
we communicate many 
ways. Operate out of 
your home, with only 
periodic trips to the fac¬ 
tory, or set up an office. 

• Product is first quality 
and priced accordingly. 

• Dialogs with established 
companies are welcomed. 

All responses acknowledged. 

WRITE TO: 

COMMUNICATIONS 

2995 Woodside Road 
Suite 400-550 
Woodside, CA 94062 



The 1002A, a 2-meter amplifier, follows the 
same design as the 2002A, but uses an 8874 
tube for one-half the power specifications. The 
1002A is rated at 600 watts PEP output and 300 
watts continuous carrier output. It employs the 
same stripline design as the 2-02A. The 1004A, 
a half-power version of the 2004A, also uses 
the 8874. The 1004A will cover the 430 to 450 
MHz band using 1/2- wavelength stripline 

For further information, contact Henry 
Radio, 2050 South Bundy Drive, bos Angeles, 
California 90025. RS#307 


HF transceiver 

The new IC-745. a full feature HF transceiver 
and general coverage receiver, is now available 
from ICOM. Operational modes are SSB, CW. 
RTTY, AM (receive only) and FM (optional). 

The unit offers the user the capability of a 
general coverage receiver, between 100 kHz 
and 30 MHz, and all of the HF ham bands from 



1.8 to 30.0 MHz including the new WARC 
bands at 10 MHz, 18 MHz, and 24 MHz. Ham 
band selection can be activated by simply 
touching the band button and rotating the 
main tuning knob. Other innovative standard 
features found in the IC-745 include 16 tunable 
memory channels, passband tuning, contin¬ 
uously adjustable AGC, 100 percent duty 
cycle-rated transmitter, and 12 volt DC opera- 

A multi-purpose scanner allows the user to 
search the 16-memory channel frequencies or 
scan between two programmed frequencies. 
The 16 tunable memory channels have the ca¬ 
pacity to store not only the desired frequency, 
but also the desired mode of operation. The 
frequency called up from memory can be 
changed by simply adjusting the frequency 
dial. Installation of the optional IC-PS35 inter¬ 
nal power supply makes the IC-745 self- 
contained. 

For further information, contact ICOM 
America, Inc., at 2112 116th Ave. N.E., Belle¬ 
vue, Washington 98004. RS#308 


new boots 

Kilo-Tec announces a new custom weather 
boot for use with RG-8X, RG-59, RG-58, and 
RG-213 coaxial cables and PL-259/S0-239 
combinations. Designed to keep connections 



clean and dry and to keep moisture out of coax 
cables, the boots are manufactured with a flex¬ 
ible vinyl material that resists moisture and 
breakdown from the sun's rays. Three models 
are available: model KTB-58 for RG-58 cables; 
model KTB-8 for RG-8 cables; and model KTB- 
8X for RG-8X or RG-59. Custom weather boots 
can be made for other types of cables and con¬ 
nectors. 

For further details, contact Kilo-Tec, P.O. 
Box 1001, Oak View, California 93022. RS4309 


satellite TV receiver 

The new Regency satellite receiver links your 
television set to its outdoor satellite antenna, or 
"dish.” The Model SR 3000 receiver/down- 
convener combination is capable of receiving 
programming from a choice of satellites which 
include some 90 channels covering entertain¬ 
ment, sports, news, religious, and educational 
media, Its features include automatic Chaparral 
Polarotor control, detent tuning with AFC, pre¬ 



set and variable audio control, signal strength 
and center tuning meters, audio and video fine 
tuning controls, and a rugged weather sealed 
downconverter. 

The suggested retail price on the Regency 
SR 3000 is $549.95. For further information, 
contact Regency Electronics, 7707 Records 
Street, Indianapolis, Indiana 46226. RS#310 
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For details, contact MCM Communications, 
858 E. Congress Park Drive, Centerville, Ohio 
45459. RS#311 



• l year transistors warranty 

• Add $5 for shipping and handling 
(Com. U.S.). Calif, residents add ap¬ 
plicable sales tax. 

• Specifications/price subject to change 


digital multi multimeter™ 

The new AEMC digital multi-multimeter 1 
functions as a highly accurate voltage, curren 
and resistance tester designed for safe and pn 
cise testing of both sensitive electronic circui 
ry and high capacity power distribution ne 





No. 90651-A GRID DIP METER 


CAYVVOOD 


Exclusive Manufacturer, of 
MILLED Equipment 

P O. Drawer U 


hangeable modules are now 
i unit. By using the various 
in place of the standard plug- 


SAY YOU SAW IT 
IN 

HAM RADIO 
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■tubes, SEMICONDUCTORS, IC’Sl 
" DIODES AT SUPER LOW PRICES f 
IN DEPTH INVENTORY 
lEIMAC, SYLVANIA, GE, CETRON I 



I tine of Sylvania ECG Replacement 
| Semiconductors Always in Stock. 

,11 Major Manufacturers Factory Boxed, 
lard To Get Receiving Tubes At Dis- 
| count Prices. 

-limum Order $25.00. Alldw $3.00 For 
I UPS Charges. Out of Iown, Please Call 
| Toll Free: 800-221-5802 and Ask For 
■■ABE". mm mam 


d level, HVAC air flow, AC and DC cur- 
frequency and light—as well as simulating 
s, thermocouples, and process signals, 
rther information is available from AEMC, 


compact amplifier 

After nine years of manufactu 
inspection systems, Ham Indust 
expanded its product base to ii 


developed prod 
Amateur. 



handheld transceiver by a factt 
device weighs only eight ounces 
lached directly to a handheld i 
nently mounted to the automob 


-'Vfr 

/ Yeah,Herb, I 
[ saw it advertised in 
\Ham Radio Magazine j » 
\ this month. / * 


TRANSLETERONIC 

-Or' INC. | 

1365 39th STREET, BROOKLYN.11218H 

I Tel. 212-633-2800/Wats Line 800-221-5 
TWX 710-584-2460 ALPHA NYK. 




FCC LOWERS 
REQUIREMENTS — 
GET YOUR RADIO 
TELEPHONE LICENSE 


Radio Telephone License much easier i 
Eliminate unnecessary study with our si 
cuts and easy lo follow study material. 0b 
ing the General Radio Telephone License 
be a snap! Sample exams, also section ct 
ing Radar Endorsement. 

A small investment for a high-paying care 
electronics. 

$19.95 ppd. 

Satisfaction Guaranteed 

SPI-RO DISTRIBUTING 


ftPHOTOWATT 

PHOTOVOLTAICS 


fiH 

WS&SSKu 

ffiSSSwl 

sssssii 
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SEND $2.00 

FOR CATALOG OF 
PHOTOVOLTAICS. 
WIND AND WATER 
EQUIPMENT, 
INVERTERS, D.C. 
POWERED LIGHTS, 
STEREOS AND 
MUCH MORE. j 

ALTERNATIVE /i 
ENERGY [l 

ENGINEERING E 



Our 4th Year 

I BUY • SELL 
TRADE 

ELECTRONICS / 


NUTS & VOLTS 

The Nation’s §1 Electronic 
Shopper Magazine 

PO BOX 111 l-H • PLACENTIA. CA 92670 
(7M) 632-7721 

Join 1000's of Readers Nationwide 
Each Month ** 183 
U.S.A. SUBSCRIPTIONS 
$ 7.00 - I YEAR 3RD CLASS MAIL 
$12.50 - I YEAR 1ST CLASS MAIL 
$ 25.00 - LIFETIME - 3RD CLASS MAIL 
With Free Classified Ad (jSd 
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WB6F0C p. 32, Mar 79 

2716 EPROM programmer 

N3CA p. 32, Apr 82 

measurements and 

WA6NCX/1 

Short circui 
PEP output p< 
VK3AFQ 
Comments, 


test equipment 

Prescaler, 60C 
WA1SPI 

keying and control 

Battery charger sensor 

W3BYM p. 54, Dec 82 

for £M(/RFf 
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Synthesized 2-meter mobile stations, 


AFSK generator, an accurate and practical 
K0SFU p. 56 

Baudot, a vote for (letter) 

W6NRM p. 6 

CW and RTTY digital audio filter 


semiconductors 


KQ7B 

GaAs FET performance and 
preamplifier application 
K6UR 

Comments, KCWV 
Predicting close encounters: 
OSCAR 7 and OSCAR 6 


single sideband 


transmitters and 
power amplifiers 


A-m/fm converter for facsimile trj 
CQer, automatic, for RTTY 


Linear power amplifiers (letter) 

KB5EY, W8SAI p. 6, Dec 79 

W3NON ’ ’ p. 20, Jan 81 

Quartz crystals (letter) 

WB2EQV p. 12, Dec 79 

Single-conversion transceivers, digital frequency 
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UHF/VHF BOOK 
SPECIAL OFFER 



THE UHF COMPENDIUM 


by K. Weiner, QJ9HO 

This 413 page book is an absolute must ior 
every VHP and UHF enthusiast Special empha¬ 
sis has been placed on state oMhe-art tech¬ 
niques Author Weiner lully describes test 
eauipment, alignment loots, power measuring 
equipment and other handy gadgets All ol the 
projects and designs have been tested and pro¬ 
ven and are not engineer's pipe dreams Anten¬ 
nas are also lully covered wnh a number ol 
easy-lo-build designs as well as large mega-ele¬ 
ment arrays 1980 

. KW-UHF Softbound S23.75 


VHF-UHF MANUAL 

by G.R. Jessop, G6JP 

This naw, revised 4lh edition is |am-packad wilh cir¬ 
cuits. antennas, converters, cavity amplitiers and 
much, much more Practical theory and construction 
projects cover trom 70 MHz to 24 GHz The chapter 
on Microwaves has been expanded lo 83 staie-ol-lhe- 
art pages. Receiver and transmitters tor all VHP and 


flea market 

WANTED, MILITARY SURPLUS RADIOS- We need Col¬ 
lins 618T. ARC-72, ARC-94. ARC-102. RT-712JARC-105. 
ARC-114, ARC-115, ARC-116, RT-823/A RC-131, or FM- 
622, RT-857/ARC-134 or Wilcox 807A, RT-743/ARC-51A, 
ARC-159, RT-1167 or RT-11B8/ARC-164, ARC-186, RT- 
1022/ARN-84, ARN118, RT-859/APX-72, RT-868/APX-76. 
APN-153, APN-155, APN-171, 71BF-1/2, RT-618/URC, AM- 
3007A/URT, Collins antenna couplers type 490T-1, 
49DT-2. 490T-9, CU-1658A/ARC, CU-1669/GRC, 490B-1, 
693D-1, CU-1239/ARC-105. Top dollar paid or Irado lor 
new amateur gear. Write or phone Bill Slep 704-524-7519, 
Slop Electronics Co.. Hwy. 441. Otto. N. C. 28763. 

WANTED: Cash paid for used Speed Radar equlpmenl. 
Wrlle or call: Brian R. Esterman. P.O. Box 8141, Norlh- 
field, Illinois 60093. (312) 251-8901. 


PARABOLIC ANTENNA, spun aluminum, 6 ft. wilh 
mount $325.00. 408-730-2500. Norman, 2225 Sharon Rd., 
9224, Menlo Park. CA 94025. (415)854-0266. 


WANTED: Boonlon/HP type 2508 RX meter also service 
manual for ex USN receiver type R1051BWRR. Write: 
Gill. 72 Elgin Street. Gordon, 2072. Australia. 

RADIO WESTI High quality coverage communications 


ANNIE’S EASY. Analyze dlpdes, slopers. verticals, in- 

Ing. weight or combination with Annie Antenna Analysis 
Software. Include REAL GROUND (conductivity, dielec¬ 
tric constant). Superb hl-res plotting. Annie’s incredibly 
friendly and with 100% machine language, she's FAST! 
For Apple (1+ (language card required) or lie, DOS3.3, 


For Apple 11+ (language card required) or lie, DOS3.3, 
$49 95 + $2.00 postage, NY add sales lax. Include lull 
name and call. S.A.S.E. for info. Commercial, library, 
etc., call lor quote (315)622-3641. Sonnel Software, Dept. 
HR. 4397 Luna Course, Liverpool. NY 10388. 

Coming Events 

ACTIVITIES 

“Places to go...” 

WISCONSIN: The West Allis Radio Amateur Club’s 12th 
annual Midwinter Swaolest. Saturday. January 7, Wauke¬ 
sha County Expo Center Forum. Starting time 8 AM. Ad¬ 
mission $2.00 advance; $3.00 at door. Reserved tables 
$3.00 until 11 AM or $4.00 at the door. Delicious lood. For 
tickets or Information SASE lo WARAC, PO Box 1072. 
Milwaukee. Wl 53201. 

‘ nd, INDIANA; Hamlest Swap & Shop. January 


DRAKE R-4/T-4X 
OWNERS AVOID 
OBSOLESCENCE 

PLUG-IN SOLID STATE TUBES! 
Get state-ot-the-art performance. 
Most types available 

INSTALL KITS TO UPGRADE 
PERFORMANCE! 

Basic Improvement, Audio Low Pass 
Filter, Audio 1C Amplifier 


SARTORI ASSOCIATES, W5DA 

BOX 2085 

RICHARDSON, TX 75080 

214-494-3093 ^ 196 

THE 1ST 

2300 MHz 

A5 Transmitter and Accessories 

Now you can actually iransmil Fast Scan TV on 
the 2300 MHz Ham Band. Gizmo's 25 mw ex¬ 
citer is the first commercially manufactured 
transmitter lor ihis band. 

All uniis preassembled, tested and have a 

• 2300 MHz 25 milliwatt exciter S49.95 

• 4.5 MHz subcarrier generator $19.95 

• AM Video Modulator $19.95 

Buy all three and save S5 
Regularly $89.95 Just S84.85 
Gizmo also has a 70 MHz 50 milliwatt upcon- 
verter for SI 49.95 

GIZMO ELECTRONICS 

PO Box 1205 
Pittsburgh, KS 66762 
(316) 231-8171 


KATSUMI! NO. 1! 

Electronic Keyers, etc. 


lion Equipment designed lor the British 4 meter band 
can be adapted tairly easily to the U.S 6 meter alloca¬ 
tion. ©1983. 512 pages. 4lh edition. 

□ RS-VH Hardbound $17.50 

VHF/UHF BOOK SPECIAL OFFER 
Buy’em separately $41.45 

SPECIAL PRICE $35.95 

SAVE $5.50 


HAM RADIO’S BOOKSTORE 

Greenville, NH 03048 


OPERATING EVENTS 

“Things to do...” 

DECEMBER 16 AND 17: The Triple Stales Radio Amateur 
Club will operate WD8DDL/8 Irom Bethlehem, West Vir¬ 
ginia, 1400 to 0200 UTC daily. Frequencies: 7.275. 14.325. 
21.425 and 28.550 MH2 on SSB. 7.110, 14.075.21.110 and 
28.110 MHz on CW and 14.095 MHz on RTTY. A special 
holiday certificate will be sent to all those contacted 
who send a SASE to TSRAC. 26 Maple Lane. Bethlehem. 
Wheeling, WV 26003 

DECEMBER 17: The Burn family will operate B-NBEVE. 
U-KD8EO. R-N8EVF. N-KD8EV during Seasons Greetings 

1400-2000 UTC and December 18 Irom 1400-2000 UTC on 

hams to receive your certificate. Please send SASE and 
QSL to 6215 Clay Street. Thompson. OH 44086 for 816 x 
1 f ’ certificate. 


GLOBALMAN PRODUCTS 

P.O. BOX 400H, El Toro, Calif. 92630 

(714) 533-4400 v* 14 








